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Help Us Keep This Guide Up to Date


Every effort has been made by the author and editors to make this guide as accurate and useful as possible. However, many things can change after a guide is published—phone numbers change, hiking trails are rerouted, regulations change, facilities come under new management, and so forth.


We would love to hear from you concerning your experiences with this guide and how you feel it could be improved and kept up to date. While we may not be able to respond to all comments and suggestions, we’ll take them to heart and we’ll also make certain to share them with the author. Please send your comments and suggestions to the following address:


The Globe Pequot Press
Reader Response/Editorial Department
P.O. Box 480
Guilford, CT 06437


Or you may e-mail us at:


editorial@GlobePequot.com


Thanks for your input, and happy travels!
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Introduction

Call it the Crown of the Continent. Or the Land of Shining Mountains. Or Ahkwaiswílko, the Kootenai word for a glacier-carved mountain wall. Or call it by its Blackfeet name, Mistúkisz-Ikanáz(iaw), which translates as Mountains of Crystals. The Blackfeet also refer to the Glacier Park terrain as the “Backbone of the World.” All these names fit this place, this jumble of peaks that rise up so suddenly from the western edge of the Great Plains and that surprise even the most mountain-wise visitor.


But those names only describe the park as it appears from a distance, as you approach it, say, from the east on U.S. Highway 2, or as you look east toward the Continental Divide from the North Fork Road. Once inside Glacier, things look different. You get swallowed up by mountains. There is grandness, yes, but also detail and a diversity of life beyond what any single word or phrase can impart. You see that the flanks of the mountains are covered with trees, mostly evergreens, but birch and aspen and cottonwood, too, and a deciduous conifer called western larch that turns large patches of the forest bright yellow in the fall. You notice that fjord-shaped lakes extend fingerlike into the very heart of the park, and that the peaks rising above them form almost sheer, mile-tall cliffs. You begin to understand why this place was named Glacier Park—not primarily for the small glaciers that linger here today; the name really refers to how all the peaks have been chiseled and scooped out by the mountain-range–size glaciers of the last ice age. Looking up, you see torrents of white water shooting off ledges, falling thousands of feet. You see, on either side of those, parallel rows of avalanche chutes, ridges as jagged and thin as a serrated knife, peaks that remind you of the Matterhorn, and snow; even in August you see snow. And everywhere, there are flowers. Checking your map, you notice the park’s one million acres are dotted with hundreds of lakes and that those lakes are connected by hundreds of streams, and you see that there are also networks of trails for getting out and really seeing this place. So you take a hike.


The first hike I took in Glacier National Park was to Iceberg Lake in July of 1973. I arrived at the lake in the evening, after the sun had disappeared behind the Ptarmigan Wall. Still half frozen, the lake’s liquid half had slabs of ice the size of school buses drifting in it. On the way back, as the daylight faded, a grizzly bear dashed across the trail a hundred yards in front of me, and I sang “Me and Bobby McGee” at the top of my lungs the rest of the way out. I began to realize that this was a truly wild place.


The North Fork Valley and the Belly River Valley, which lie on opposite sides of the park, are one of the only places in the continental United States with all their predators, that is, all the ones that were here when European-Americans first arrived: wolves, mountain lions, grizzly bears, black bears, coyotes, and wolverines. All are interacting and hunting deer, elk, and moose as they did hundreds, even a thousand years ago. Humans impinge little on their daily lives.


One fall, a friend and I were hiking out of the park along a tributary of the North Fork when it started snowing. A short time later we saw lion tracks on the trail, fresh in the snow. We followed them, and they quickly led us off the trail and into thick timber. Suddenly, we were standing in a place where dirt had been kicked up and leaves scattered. Drops of blood lay on the snow. A few yards farther, we saw swatches of hair, then a dead deer on the ground, its neck evidently broken. The animal had died moments earlier. The lion’s tracks circled it, then disappeared into the trees. We hustled back to the trail, adrenaline pumping.



Few of my hikes in Glacier have been so eventful, though most have been equally memorable: a warm evening spent watching a moose and her calf dining on mannagrass and willows along the south edge of Elizabeth Lake; a June hike across an east-side alpine ridge when the draba and candytuft were in full bloom; an afternoon spent beside a creek, overwhelmed by the sweet smell of cottonwood, the flutelike calls of thrushes, and the enormous mountains all around.


So, although Glacier Park, our third-largest national park in the lower 48, is best known for its heart-stopping scenery, it is also a terrific place—one of the best in the Rockies—to contemplate natural history. And not just the lives of wolves and bears and lions. Rock buffs will find the geology riveting. You can run your fingers across mud cracks and ripple marks made one and a half billion years ago, or touch a fault line where the top layer of rock is 1,300 million years older than the bottom layer. You can walk on a glacier, sit on a pillow of lava, or, if you are really into it, search for some of the earliest multicellular fossils in the world. The park’s rocks are among the oldest and best-preserved sedimentary rocks found anywhere. How they got here is a story in itself (the formations that make up the park’s mountains slid over 50 miles across Idaho and northwest Montana). And then there is the story of the glaciers and the sculpting they did during the last ice age to make this place into one of the most scenic mountain terrains in the world.


Plant lovers, too, will find Glacier a compelling place to explore. More than 1,100 plant species live here. Most are common in the Rockies, but some have migrated from the Arctic and occur there and here and only a few places in between. Others have come from the Great Plains, or the rain forests of the West Coast, or the Great Basin, or the prairies of eastern Washington and Oregon. Few places on the continent have such a mix.


On a hike through an alpine meadow, you might come upon an unusual orange-blooming poppy known as the alpine glacier or pygmy poppy, a species found only here and a few other spots in Canada. In the North Fork you might find a sphagnum fen complete with bladderworts and sundews—carnivorous plants that flourish on a diet of insects and tiny crustaceans. There, too, in the North Fork, you might see orchids: white or spotted lady-slippers, striped or yellow coral-roots, bog-orchids, rein-orchids, or lady’s-tresses. Along McDonald Creek, you can hike through an ancient forest with its unique collection of shade-loving plants, some that make their living without chlorophyll. Or lie on your belly above treeline in a bright field of flowers with a flower guide, and take your time identifying a particular species of draba or saxifrage.


There are joys for animal watchers as well—wolverine tracks cutting across a snowfield, a band of mountain goat kids cavorting about in an alpine meadow, spectacularly colored red and blue and white harlequin ducks sailing like rafts over waterfalls and riffles on McDonald Creek. From the forest you might hear the haunting cry of a pileated woodpecker, or, following a trail along a noisy creek, round a bend and encounter a small herd of elk grazing the hillside. Perhaps, like many hikers, you will be startled by a ptarmigan you unintentionally flushed from the tundra or surprised by a snowshoe hare, tawny and alert, regarding you from the undergrowth.


Here, northern bog lemmings scurry along sphagnum-lined runways, pausing now and again to nibble on sedges or willow leaves, while pikas clip alpine grasses and stack them in neat piles to cure, as farmers do with their hay. Here, grizzly bears climb to the summits of the highest peaks to turn rocks for army cutworm moths that have migrated all the way from the Dakotas, and bighorn sheep bang heads in collisions that can be heard a mile away. Wild is a good word for this place.


But Glacier Park has also been affected by people. An introduced disease has shaken entire communities. Weeds have crept into meadows. Nonnative fish have been introduced into lakes and streams and are overwhelming the natives. In an effort to protect the forest, the Park Service fought fires here for years. But the practice altered age-old cycles and changed plant and animal communities. Today some fires are managed to benefit plants and animals. Now, new challenges face the park’s caretakers. Development of surrounding lands threatens populations of elk, moose, grizzly bears, wolves, and other animals whose seasonal ranges extend beyond the boundary.



This book describes Glacier’s natural history, the geology of the park as well as the lives of selected plants and animals from different communities. More important, it explores connections, the threads that tie these organisms to their environment—why a species of columbine grows only on a certain kind of rock, how communities of subterranean insects and crustaceans fertilize river floodplains, how a nut-eating bird has influenced the evolution of a high-elevation pine.


It is a small book about a large and complex and beautiful place, a place where you can still examine and wonder at the natural world, and observe it going about its business as it has done since the beginning. May your visit be rewarding, and may this wild park, the Crown of the Continent, abide.








1

The Rock of the Park

Going-to-the-Sun Road was empty. It was November, and the Park Service had closed it to cars the month before. I walked from The Loop toward Logan Pass under an early sky that was clear and washed of color. A brief snowstorm had swept through the night before and whitened the mountains. A few wisps of clouds still hung on the summits, and as I walked the road toward the pass, the light that had been so soft earlier that morning grew in brilliance and warmth until I squinted to protect my eyes and shed my coat, mittens, and hat.
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I had come to photograph billion-year-old fossils of cyanobacteria imbedded in the rocks cut by this section of road. Along the way, I watched mountain goats move unconcerned across a narrow rock shelf not 20 yards away and gray-crowned rosy finches flit tamely against the rock face as they gleaned seeds from scattered clumps of grass. The quality of the light, the cool freshness of the air, the unsoiled snow, and the innocence of the animals made that part of the world seem new. The rock around me, however, was ancient.

Not far from The Loop, the road cut the cliff to a sheer face. This face is a succession of fine layers, wafers of green and smoky gray rock stacked perpendicular to the cut. The only intrusions on this plywoodlike repetition, aside from the lightning bolts of white calcite that zigzagged randomly through the layers, were fossils—big white- and-pink–tinted columns of hard limestone left behind more than a billion years ago by colonies of cyanobacteria, also referred to as blue-green algae. One intersected the roadcut head-on, and its circular cross section suggested a swirl of petals, a rose encased in a field of green rock. Farther up the road, in a different, buff-colored formation, I found more fossils, dozens of them, some of which resembled sliced cabbage heads.

Back at The Loop, below the first group of fossils, I studied the rock. It was fractured and broken, especially on the margins of the face. Small slabs and chunks of it littered the road. The smallest pieces, those up to an inch thick, snapped in my hands, and I could crumble the thinnest slices almost as easily as one crumbles crisp bread. Most of the fractures ran between layers, and often, where a plank of rock had fallen away, I saw mud cracks and ripple marks on the exposed surface. These appeared fresh, every detail preserved, as if the mud of a rising and falling lake had suddenly frozen and then stood firm against the abuse of time.

These marks, along with the textures, colors, compositions, and structure of the bedrock, reveal like the artifacts of an ancient civilization the history of Glacier Park’s mountains—how they were built and how they are being dismantled. They also help explain why living things in the park occur where they do. Soils reflect the compositions of their parent materials. Dolomite, a calcium-rich rock that underlies much of the park, breaks down into a more calcareous soil than that produced from argillite, another rock common in the park. Soil, in turn, helps to shape plant communities. And plant communities determine animal communities. In other words, the focus of my attention—the rocks—had a lot to do with just about everything else I encountered on that beautiful November day.

I picked up a 1-inch-square wafer of rock from the road. It was dull, a light sage green, and fine-grained. This was sedimentary rock of the Snowslip Formation, argillite, about 1.3 billion years old. It was thin, a leaf of a rock, yet it, too, was layered. Without the aid of a magnifying glass I could see at least five tissue-thin layers within the space of a sixteenth of an inch. The story of this modest piece of rock is, at least in a general sense, the story of most of the rocks in Glacier. That story, in its broadest outlines, is as follows:

Just under 1.5 billion years ago, the rock was sediment, a mix of clay, silt, and sand eroded off some barren landscape (a landscape absent of plants) and transported by a river to an enormous shallow body of water something like the Caspian Sea. When the sediment finally settled, it rested on top of 10,000 feet of similarly deposited sediments, at a spot some 50 miles west of what is now Glacier National Park. There, at the bottom of this immense sea, it formed a mud rich in calcium carbonate and quartz. Water levels rose and fell. The mud beneath shallow water rippled under the action of waves. Some was exposed to the air and dried and cracked. Soon more sediment rode in and covered what was there. Deposition continued for hundreds of millions of years, and our few ounces of sediment became buried beneath thousands more feet of sediment. All the while, gravity bore down on the mass, and the entire basin slowly sank deeper into the earth’s mantle. Pressure and heat transformed mud into rock—argillite, quartzite, limestone, and dolomite—most of it preserving the marks of waves and desiccation.

Gradually, the basin filled. Deposition stopped. The sea dried, and the millions of layers of baked and compressed sediment sat undisturbed for a billion years. But those sediments were part of a continental plate that was slowly drifting west across the Pacific Ocean, an ocean that, at the time, was crowded with island arcs and small continents. Collisions, dozens of them, were inevitable. Islands the size of New Zealand and Japan smashed into North America one after another, shoving, crumpling, and heaving the crust of the continent into long, corrugated chains of mountains. Rocks folded and faulted and rode over each other. The compression fractured portions of the basin’s rocks and thrust a slab 300 miles long and 20,000 feet thick 50 miles across northwestern Montana. A portion of that prodigious chunk would become Glacier National Park. Our inch of thin rock sat somewhere in its middle.




[image: chpt_fig_002.jpg]
Waves rippled some of the mud that would become the rock of Glacier Park. Top, modern ripple marks in mud deposited in the park in a 1964 flood; above, ripple marks in rock that was mud laid down approximately 1.4 billion years ago. Glacier’s rocks are some of the oldest and best-preserved sedimentary rocks in the world. (GLACIER NATIONAL PARK)



This great thrust happened from 60 million to 70 million years ago. Since then, erosion has been at work. Most occurred during the Pleistocene, when glaciers sculpted the park’s mountains into what they are today. One of those glaciers filled the McDonald Creek Valley and gouged from its sides colossal pieces of rock. It cut within a few feet of that portion of the layer holding our piece, close enough that a bulldozer building Going-to-the-Sun Road easily finished the job and uncovered it entirely. Once exposed, rain and frost and gravity took over. For the first time in its billion-plus-year history, the layer cracked and flaked and then crumbled. Pieces of it fell away almost daily, until finally, ours dropped at the side of the road.


Looking Back a Billion Years or So
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Glacier’s rocks are known to geologists as Belt rocks, because the first place they were described was east of the park, near Montana’s Belt Mountains. They are among the oldest well-preserved sedimentary rocks in the world. In the park the most senior rocks, those of the Prichard and Waterton Formations, formed about 1.4 billion years ago, when the earth was around 3 billion years old. For perspective, the earliest fossils of land plants appear in rocks that are about 450 million years old (although some scientists now think land plants may have made their first appearance 300 million years earlier). So the first land plants are perhaps a billion years younger than the Belt rocks. Dinosaurs show up in the fossil record about 250 million years ago, and humans come on the scene some 245 million years after that.

Because we tend to think in terms of a few generations, geologic time frames are difficult to comprehend. To try to grasp such enormous spans, imagine that the punctuation mark at the end of this sentence represents one year. One and a half billion of those periods lined up side by side would reach all the way across Montana and halfway into North Dakota, a distance of 750 miles. Stand on the first of those periods, the one touching the Idaho border, and look down that line of dots toward Bismarck. That is roughly the vantage we have when we try to consider events that happened so long ago.

Walk that line, and each step takes you back roughly 650 years. Forty steps and you are 25,000 years before the present, roughly the time, according to most archaeologists, when humans arrived in North America. Walk another mile or so and you are near the beginning of the Pleistocene, the glacial epoch or Ice Age, when Glacier’s peaks were fashioned. You would have to walk 27 miles to be present during the time when the Belt rocks were being thrust into their current position. Those 27 miles on a Montana map would put you just east of Libby. If you wanted to travel all the way back to the time when the Belt rocks formed, you might want to take a bus.

From the perspective of one person’s lifetime, the mountains of Glacier seem constant, which they nearly are over the course of seventy-five years. Even a rushing stream like McDonald Creek, which is much more dynamic than a mountain, changes its course very little in that amount of time. The earth plods. It requires millions, even tens of millions of years to make mountains and just as long to take them apart. Thrusting a 4-mile-thick slab of Belt rock 50 miles probably took five million to ten million years. Since then those rocks have eroded less than an inch a century. Rock is resolute, but with enough time, even continents move.





Imagining the Belt Basin


One and a half billion years ago, faulting broke the crust of North America in the region of Idaho and Montana. Large blocks of the earth bounded by these faults subsided and formed a basin roughly the size of Arizona. The basin became a catchment for the sediments that would eventually become Belt rock, the rock that makes up Glacier’s mountains. Beyond this broad outline, we are still learning about the basin—the earth forces that created it, whether it was open to the ocean, where the sediment that filled it came from, and how long it lasted. The answers to these questions help us understand the history of the continent. For Belt rocks preserve in their layers, better than any other rock in North America, a record of the Middle Proterozoic, the geologic eon in which they formed. Consequently geologists rely on them to develop hypotheses about everything from pale-ogeography (how the continents were arranged during the Middle Proterozoic) to the history of the western half of North America.

Although there have been half a dozen explanations for the origins of the Belt sediments, two prevail. The first has the sediments accumulating in a marine environment—over tidal flats, in deltas, and in the open ocean. According to it, the basin was part of a continental shelf that extended into a proto-Pacific Ocean. In the second explanation, the basin is an inland sea, a giant lake that lay within the North American continent at a time when it was joined to another landmass. This sea, sometimes fresh, sometimes salty, may have been open to the ocean, but only during the earliest part of its history. Today’s Caspian Sea or Black Sea are roughly analogous, except that during the Middle Proterozoic, land plants had not yet evolved so there was nothing to slow erosion. When it rained, the water gushed across the land in gigantic sheets, carrying huge quantities of mud and sand with it. Over eons, the sediments built up enormous fans or aprons thousands of feet thick. Eventually, they filled the basin.

At the foundation of the second interpretation is the theory of plate tectonics, which says that North America and other continents sit on plates that slowly glide across the earth’s mantle. The plates are pushed by convection currents circulating in the mantle, much the way dumplings are pushed around by boiling soup. Plate movement is slow—an inch or so a year (about the same speed that your fingernails grow)—but it is ceaseless and, given geologic time spans, enough to ensure momentous change in the geography of the planet.


[image: chpt_fig_004.jpg]
Water tumbles over dolomite ledges along Going-to-the-Sun Road. Some geologists believe that the rock of the park formed from sediment eroded off another continent, most likely Australia. (JOE WEYDT)



The movement of plates periodically brings continents together, and the resulting slow-motion collisions are violent. Continental crust crumples, and mountain chains are born. The Appalachians, the Alps, and the Himalayas are examples. Plate movement also pulls continents apart, most often along the relatively weak weld where two plates had previously joined. That side of the process is called continental rifting, and it is occurring right now in Africa’s Great Rift Valley. If rifting continues there, East Africa will eventually separate from the rest of the continent and become a continent unto itself.

According to the second interpretation, the Belt Basin was a rift, a place where the continent had stretched and broke and subsided and would ultimately tear apart. Geologic features suggest that what was once the western margin of North America has been married at least once to another continent. And there is good geologic evidence for a cataclysmic separation occurring about 700 million years ago. The inland sea interpretation is also supported by research that shows the Belt sediments generally become finer as you move east across the group, a trend that implies the muds washed in from the west side of the basin (because coarser, heavier materials settle first). Had they been accumulating on a continental shelf, that would have been impossible; there would have been nothing but ocean to the west.

So what was the land mass to the west from which all those sediments eroded? Researchers using radioactive isotopes to date sand grains imbedded in the Belt rocks have found they originated in granite that cooled between 1.64 and 1.86 billion years ago. No granite in North America is of that age. This prompted geologists to look elsewhere for the source—specifically the underlying rocks of Siberia, Antarctica, and Australia because paleogeographers believe those continents may have been connected to North America during the Middle Proterozoic. They found granite in both Australia and Siberia that matches that of the sand grains imbedded in Glacier’s rocks. The most recent research, which incorporates additional evidence, now firmly points to ancient rock formations in Siberia. To say that the mountains of Glacier National Park might be made of ground-up Siberia speaks volumes about how the geography of this planet is utterly impermanent.





A Layer-Cake Geology


Whichever continent it was, it gave up a substantial chunk of its terrain to the Belt Basin. The accumulation in the park, cooked and compressed as it is, measures 3 to 4 miles deep. Those 15,000 to 20,000 vertical feet of strata can be divided into twelve formations (and three major groups): the Prichard, Altyn, Waterton, and Appekunny (of the Lower Belt); the Grinnell and Empire (of the Ravalli Group); the Helena or Siyeh; and the Snowslip, Shepard, Mount Shields, Bonner, and McNamara (of the Missoula Group).

These formations are stacked like differently flavored layers of a fat wedding cake and are almost as easy to identify. Blocky Mount Gould, for example, is four-layered: At the base is the Grinnell, a purplish red or plum. Next is the Empire, a dull gray-green layer of pistachio. On it lies the Helena, a buff or cream that might pass as a tier of vanilla; and on the very top rests the Snowslip, a mélange of flavors—mostly pale reds and greens, but also yellows, oranges, and light purples.

Each formation, with its characteristic sediment types, represents different kinds of deposition and a different stage in the history of the Belt Basin. The formations can be read as a mystery novel is read, by piecing together clues to reconstruct a scene, in this case the character of the Belt Basin at a given moment. Cobbles and pebbles of quartz, granite, and feldspar cemented together in a matrix of sand could be interpreted as remnants of channels and longitudinal bars of an ancient braided stream (realizing modern braided streams create the same pattern). Flat, laminated coarse sand may be evidence of flooding across the middle and lower sections of an alluvial apron. Mud cracks record an episode of desiccation, of retreating shorelines. By studying and interpreting the layers and formations, we can piece together the 200-million-plus-year story of the basin.

What follows are descriptions of the Belt formations coupled with explanations of how the rocks may have formed, why they have the colors they do, or why they possess certain peculiar structures. To avoid tarrying too long on this stage of the park’s geologic story, I have presented just one interpretation of the Belt Basin: that of a restricted basin with periodic inpourings of ocean water.



[image: chpt_fig_005.jpg]
The view looking southward from the Many Glacier area. The various Belt rock formations are labeled. (The formation names under the names of the peaks are for the summit rocks only.) (U.S. GEOLOGICAL SURVEY)
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A simplified cross section of the park from Mount Brown to near Siyeh Pass, showing the park’s major formations. (U.S. GEOLOGICAL SURVEY)






Putting Down the Foundation: The Prichard, Waterton, and Altyn

On the west side of Glacier, the lowest and oldest rocks belong to the Prichard formation; on the east side, to the Waterton and Altyn formations. These three formations constitute the basement or underbelly of the Belt Supergroup. In cross section they hang like a horse’s belly. The Prichard shows itself all along the base of the mountains on the east side of the North Fork Valley. The Waterton is exposed only in the far northeast corner of the park, especially on the east flank of Yellow Mountain and farther east of there on Sherburne Peak, where I examined it. The rest of it, an estimated 4,000 vertical feet, is hidden beneath younger rock. Similarly, most of the Altyn is buried. On a geologic map it appears serpentine, a sinuous ribbon that snakes along much of the park’s eastern margin. You can see it directly and perhaps best on the south face of Yellow Mountain or at the base of the cliffs cut by Apikuni Falls. Its name comes from a prospector’s settlement that was inundated when the dam creating Lake Sherburne was built on Swiftcurrent Creek.

The Prichard is dark green and gray argillite. Argillite is a clay-rich rock, a hardened siltstone or shale (shale is simply hardened mud). Prichard argillite is finely layered. It splits easily. Such ultrathin, smooth laminations of clay and silt tell us the Prichard formed in still waters, well below the reach of waves. At that time, the Belt Sea was young and deep, as deep perhaps as it would ever be.

The Waterton and the Altyn are mostly dolomite, although both contain small amounts of blue-gray limestone. Dolomite is a carbonate rock, like limestone except that it is magnesium-rich. Because of the iron in it, its surface weathers to shades of tan, yellow, and orange. Waterton dolomite, when first exposed, is green or gray; seasoned, it is yellow, orange, brown, and in a few places a rusty reddish brown, even cranberry. Imbedded in the Waterton, near the bottom of what we can see of it, are small blebs of black chert that, like dolomite, weather to rich browns and rusty oranges. Altyn dolomite starts out creamy white to steel gray and weathers tawny, terra-cotta, or salmon, colors conspicuous from a distance. Layers of coarse quartz sand and ripple marks indicate some parts of the Altyn formed in relatively shallow water, when the Belt Sea was receding.

Although dolomite is not uncommon in the world, there are few places where you can see it being created—the Florida Keys, the Bahaman Islands, the Lesser Antilles—and there it is forming in near trivial amounts. Geologists still puzzle over “the dolomite problem.” If more than half the world’s carbonate rocks greater than a billion years old are dolomite, why don’t we see masses of it forming today? Why is there nowhere in the world a sea with a muddy, dolomitic bottom? Some look at the small amounts of dolomite forming currently from solutions of magnesium percolating through pre-existing limestone and say Precambrian dolomite formed the same way. Others argue that it might also form the way limestone sometimes does, when carbonate minerals, in this case calcium magnesium carbonate, precipitate out of hypersaline waters. Glacier has a lot of dolomite in the Waterton, the Altyn, and in other formations; exactly how it formed, however, remains a mystery.

What was the Belt Sea like when the Altyn was being deposited? Its waters were most likely shallow and warm, and although its shores were barren, its depths were crowded with life—not animals or plants but cyanobacteria, what some people call blue-green algae (even though there is no relationship between cyanobacteria and other organisms called algae). Communities of cyanobacteria coated the muddy bottom of the sea, forming reefs in some places. The structures they left behind, called stromatolites, are abundant in the Altyn.


[image: chpt_fig_007.jpg]
Modern, dome-shaped stromatolites growing in Hamelin Pool, southwest Australia. The photo was taken at low tide. (PHILLIP PLAYFORD, GEOLOGICAL SURVEY OF WESTERN AUSTRALIA)



Stromatolite means “stone or fossil mat.” The name refers to the mat-like accumulations of cyanobacteria that created them. The fossils themselves, however, are anything but matlike in their appearance and can take the shape of domes, cones, or branched and unbranched columns. The particular form depends on the specific kinds of organisms that created them, on how deep the water was when they formed, and on a host of other factors such as water currents, seasonal patterns, rates of sedimentation, and water chemistry. In various cross sections, stromatolites can look like swirls or eddies of water, intricately branched coral, the pleated leather of a collapsed bellows, irregular tree rings, an open Japanese fan, or the domed cap of a mushroom.

We know a little about how stromatolites form because we can watch modern ones grow. Stromatolite-forming blue-green algal mats thrive today in all sorts of places—in freshwater lakes and streams, on marine tidal flats, near deep ocean vents, in shallow seas, in hot and cold springs, beneath the ice at both poles, and on dry ground. The mats growing in some of these locations are building stromatolites similar to those in Glacier. That suggests that those sites might be analogous, at least in certain respects, to the Belt Sea. There are fossils in the Altyn, for example, equivalent in many ways to structures being produced today by mats of cyanobacteria in the Bahamas. Thus, it is tempting to look to the Bahaman examples as we try to envision the Belt Sea. But there are also budding stromatolites growing in hot springs in Yellowstone Park that look just like miniature versions of stromatolites imbedded in the rocks along Going-to-the-Sun Road. Yellowstone’s are thriving at temperatures of 140°F. The Belt Sea was undoubtedly much cooler.

Stromatolites do not contain mineralized cyanobacteria; most are devoid of any kind of microbial remains. They are, rather, layers of calcium carbonate and sediment built up and trapped by colonies of cyanobacteria. Mats of cyanobacteria convert alternating spurts of growth and sediment into layers of calcite. The cells die and disintegrate almost as quickly as they become coated with lime. In the end all you have are the stacked laminations. The laminations then get buried in mud and eventually turned to stone.

In the Belt Sea, cyanobacteria mats created cone-shaped stromatolites called conophyton. The Helena Formation, which lies several formations above the Altyn, is crowded with them; many are more than 30 feet high. A billion and a half years ago they stood on the sea floor like trees, a cyanobacterial forest of two- and three-story-high, upside-down ice cream cones.

Cone-shaped stromatolites start out as gossamer-thin blankets of filamentous cyanobacteria. The filaments or threads are mucus-coated and glide randomly across the bottom until, here and there, they tangle and form knots, similar to the way tiny wool balls form in the nap of a sweater. The knots protrude above the mat. Other gliding filaments meet them and are deflected upward. Knots grow into tufts as more filaments pile on and become entangled. The tufts become more pointed the taller they grow because the movements of the filaments become less random and more directed toward the light source—the sun—which, because of light scattering, appears to be directly overhead the entire day. In currents, more filaments build on one side, and the cone grows a ridge. Branches occur when filaments knot up on the sides of the cone, and the knots start new growths.

As the mat grows, seasons change. Perhaps more rain falls. The rivers swell and turn brown with mud. The mud washes into the basin, turning clear water murky, and less sunlight penetrates. The mat goes dormant for a while, or at least its growth slows enough that it becomes overwhelmed by sediment, covered with lime and mud. Then the season changes again, the waters clear, and the colony grows a fresh mat. The cycle repeats. Layers build and, if sedimentation continues, the structure, a stromatolite, is preserved.

The cyanobacteria aids this process to its detriment. During photo-synthesis, it consumes carbon dioxide and gives off oxygen. The removal of CO2 causes a chemical reaction that forces lime dissolved in the water to come out of solution and form tiny particles. These encrust the cyanobacteria. They form a chalky glaze over the entire mat, similar to the way plaque coats teeth. The particles adhere to sediment, too, and make the mud limy. In this way the cyanobacteria speeds its own death and helps layers to build. It also makes the sediments limy. Hence, the cyanobacteria that created the stromatolites are responsible as well for a substantial amount of the park’s limestone and dolomite.

Most important, the cyanobacteria pumped oxygen into what was, one and a half billion years ago, an oxygen-poor atmosphere. That allowed other life-forms to develop, everything from insects to mammals. So, in a real sense, we owe our existence to the cyanobacteria that built Glacier’s stromatolites (and that built other stromatolites in Proterozoic rocks elsewhere in the world).

On a recent hike to Apikuni Falls on the east side of the park, I saw two kinds of stromatolites nested in the Altyn. One had branching columns 8 inches across and 6 feet high. The other was columnar but unbranched, somewhat elongated, and up to 9 feet high. It looked almost like a pleated curtain.




The Appekunny and its Fossils

The Appekunny Formation rests on the Altyn and the Prichard. At Apikuni Mountain, a good place among many to see it, it is almost half a mile thick. On that side of the park it can be seen everywhere immediately above the yellows, browns, and light grays of the Altyn. (The two spellings, Appekunny for the formation and Apikuni for the mountain, arise because the word is Blackfeet, and Indian words were spelled phonetically, hence the multiple spellings. Appekunny was the Indian name of author James Willard Schultz, who lived with and wrote about the Blackfeet, and both the formation and mountain are named for him. In Blackfeet, the word means “scabby or spotted robe”—the root apik referring to smallpox.)

The greenest rock in the park, the Appekunny ranges in color from an unusually bright green to jade to olive to a dark grayish green. It has only a few stromatolites, all in the northwestern part of the park. Elsewhere in the formation, impressions that look like strings of beads are thought to be fossils of some early animal. At nearly a billion and a half years old, Horodyskia moniliformis, as it has been named, is considered one of the earliest known multicellular fossils in the world.

Most of the Appekunny is finely laminated quartz arenite (a hardened quartz sand) and siltite (a similarly pressure-cooked siltstone)—sand and mud deposited in deep water. The rock sparkles when you hold a piece of it up to the light. Toward the top of the formation, though, there is a 190-foot layer of mud-cracked argillite. The cracks and the beautiful mud-chip breccias found there formed on a mudflat. They suggest the Belt Sea had begun to shrink. They mark the first big transition in the history of the basin and, not coincidentally, the end of the Lower Belt.


[image: chpt_fig_008.jpg]
Fossil stromatolites are abundant in several Glacier Park rock formations. These are in the Helena Formation along Going-to-the-Sun Road. (JOE WEYDT)






A Draining and Filling: The Ravalli Group

One afternoon I walked the trail that follows along the north side of McDonald Creek to a place about 3 miles above the lake, to the point at which purple and red rock overwhelms green. This is where the Appekunny Formation gives way to the overlying Grinnell. The red comes from hematite or iron oxide, the same pigment found in red paint. I picked up a piece of the rock that had broken off from a small outcrop above the creek. It was almost as red as a freshly painted barn.


[image: chpt_fig_009.jpg]
Goat Lick, near Essex, where the red beds of the Grinnell Formation (right) are faulted against a band of dark gray rocks of the Helena, which in turn are cut by a second fault that dropped red and green argillite of the Snowslip. The faults bleed a salty juice that draws goats, elk, and deer. (DAVID ROCKWELL)



Grinnell rock is mostly thinly bedded argillite and siltite with occasional layers of white quartzite. Loaded with clay, it formed during a period when sea waters were retreating and sediments were exposed to the air and oxidized, which explains their red color, the rouge of rust. After the sea had shrunk considerably, floodwaters laden with sediment poured into the basin across broad alluvial aprons and vast mudflats. They filled depressions and created shallow lakes. Wind whipped up waves that rippled the muddy bottoms. Eventually the lakes evaporated and became mudflats again. They baked in the sun, dried, and cracked. Today, mud cracks and ripples in the rock look no more than weeks, even days, old though they are well over a billion years old.

There is a place where the Grinnell borders two other, younger, formations. At Goat Lick, near Essex, a fault dropped the Snowslip Formation down against Grinnell rock. Caught in the middle is a small, 100-yard-wide block of the Helena Formation. From the Goat Lick Overlook off U.S. Highway 2, you see the three formations lined up: red argillite of the Grin-nell against dark gray dolomite of the Helena against green argillites of the Snowslip. The faults that cut these blocks go deep, slicing all the way through the Belt rocks into underlying layers of marine sedimentary rock. Those bottom rocks, laid down in a salty ocean, bleed a mineral-rich juice that migrates up the faults to the surface and dries, leaving a crust of salt. Like a bucket of oats, the lick draws mountain goats, elk, and deer from miles around.

Look for the Grinnell Formation on Mount Grinnell or at Red Rock Point on McDonald Creek, although it can be seen in many places. The pretty blood red, plum, and mauve cobbles so common on Glacier’s stream bottoms, for example, are likely from the Grinnell.

The Empire, a thin 500-foot-thick formation, rests on top of the Grin-nell. When fresh, as in a roadcut, it is gray to green; it weathers to light green. The rock in the Empire is mostly argillite but contains some dolomite. A bed of coarse quartz sand, probably an old beach deposit, separates it from the Grinnell. The sea was rising again, filling up the basin once more.

The greenness of the Empire (and the Appekunny) comes from a chemical process called reduction, the exact opposite of what occurs when iron rusts. When Empire sediments settled out, they contained as much iron oxide as those of the Grinnell, but because they were underwater and not exposed to oxygen, the iron combined with silica compounds. Then, pressure and heat converted the iron-silicate minerals to chlorite, the green compound coloring the rock. To see the Empire, look at the summit of Angel Wing from Many Glacier Hotel or at the lower part of Scalplock Mountain just east of Essex or at the east side of Mount Peabody.




Midway: The Helena Formation

Piled on top of the Empire is the Helena, one of the most massive formations in the park and probably the most noticeable because it makes up the bulk of so many peaks. It was once known as the Siyeh Limestone, and many still call it that. But the U.S. Geological Survey formally changed the name in the 1970s. The Helena measures about 3,300 feet at its thickest point, which is in the southwestern part of the park. It alternates between dark gray and melting tones of tan and khaki, is heavily jointed (which gives it the appearance of stone blocks), and often breaks into huge slabs and house-size rectangular blocks. It also breaks off in smaller chunks, a characteristic that on more than one climbing expedition has sent chills down my spine. Most of the rock cut by Going-to-the-Sun Road from just above The Loop to Logan Pass and down the other side to Siyeh Bend is in the Helena Formation.

If the sea was rising when the Empire formed, it continued to do so during the deposition of most of the Helena. Then, apparently, the climate changed and began to cycle back and forth between humid and arid. The sea responded with rhythmic risings and fallings. Those cycles show up in the Helena as alternating layers of silica-rich rock and dolomite. During the wet, rainy periods, the sea expanded and became fresher, less saline. Floods washed huge volumes of dark siliciclastic or silica-rich sediment into the basin. Then, slowly, the rains stopped. Decades or centuries of drought prevailed. The sea shrank. Its waters grew hypersaline along the sea margin, saturated with high levels of calcium carbonate. The carbonate precipitated out and attached itself to the clay-rich mud, forming the dolomite or upper part of the cycle. Then, gradually, the climate became humid once more, and the pattern repeated. Much of the rock of the Helena reflects these climate changes in a hypnotizing series of dark and light layers.

Near the upper part of the Helena, a massive, 100-foot-high band of stromatolites is conspicuous enough to see from a couple of miles away. Known as the Conophyton Zone, it does not erode as quickly as the surrounding rock and hence forms sheer cliffs. Looking at these escarpments of fossil cyanobacteria, I imagine a shallow Precambrian sea stretching from horizon to horizon with a bottom of white sand broken by reefs of green stromatolites. Look for the Conophyton Zone on mountains on both sides of Going-to-the-Sun Road east of Logan Pass: On the south side of the road it appears on Little Chief and Citadel Mountains, on the north, on Going-to-the-Sun Mountain and Matahpi Peak. You can study it at close range on the west side of Logan Pass in a roadcut about a half mile below the tunnel. The fossils, both as individuals and as clusters, can be striking and quite beautiful with their sweeping whirls and eddies. Some of the more extraordinary assemblages remind me of Van Gogh’s Starry Night.

Also present in the Helena is a considerable amount of oolitic limestone. Oolites, or ooids, are tiny, sand-size, egglike balls of calcium carbonate that form in shallow lime-rich water. As waves and currents roll tiny grains of sand near the shore, the sand grains build up layers of precipitated calcium carbonate. The result is small, almost perfectly round pearls of the stuff. Snowballs of precipitate. You can see oolites forming today on the beaches of the Great Salt Lake and in the tidal sand flats of the Bahaman Banks, where they form great underwater dunes. The rock that forms when oolites become cemented together with calcium carbonate is called oolitic limestone, exactly what we have in parts of the Helena.

There are also “molar tooth” structures. They bear this strange appellation because the one who named them thought they looked like the markings in the molar teeth of elephants, and indeed, their squiggly lines and ridges resemble the molar teeth of many animals. But the rocks are not fossil teeth. They are not fossils at all. They probably formed when calcite precipitated in open spaces or in pockets between layers of sediment—in vacant mud cracks, trapped gas bubbles, holes in stromatolites, voids created by rotting plants. The last time I hiked along the Highline Trail, I found some good “molar teeth” about an hour’s walk from Logan Pass on the way to Granite Park. Just after I left the forested area I saw, on both sides of the trail, mammoth chunks of Helena limestone bearing these undulating “tooth” marks. I also saw some nice mound-shaped stromatolites.

Just above the Conophyton Zone in the Helena is a sill, a horizontal plate of igneous rock that formed when hot magma from the mantle squirted up through the Belt sediments into the Helena and then oozed sheetlike between layers. Throughout the park, it stands out as a 130-foot black igneous band sandwiched between narrow strips of albino rock. From a distance it is a dark stripe, an even seam that cuts through many of the peaks. When the sill formed, the magma pushed skyward so forcefully that it lifted the overlying sediments 100 feet. It was so hot that it cooked the new limestone both above and below it, bleached it white, and changed it to marble. Cooling rapidly, the magma formed a fine-to medium-grained rock—a mix of feldspar and hornblende called diorite. Look for it a little more than halfway up Mount Gould, the Garden Wall, and Mount Wilbur. Those mountains show it well, but you can see it on dozens of other peaks, too. Along the Highline Trail, the sill becomes richer in light-colored feldspar. It looks like granite, hence the name Granite Park. The name sticks, even though there is no granite in Glacier.




The Top of the Cake: The Missoula Group

The boundary between the Helena and the next formation, the Snowslip, is abrupt. At the point of contact, the Helena is gray to tan, the Snowslip red and green. The Helena, a dolomite, is flush with carbonate. The Snowslip is calcareous and lacks substantial carbonate. The end of the Helena has abundant ooids. Conversely, mud balls and pieces of dried mud cracked into chips and overlapping one another in the manner of shingles or fish scales signal the start of the Snowslip. The change represents another transition in the history of the Belt Basin and marks the beginning of a new rock group, the Missoula. Apparently, the continental crust was beginning to rift again, not to pull apart entirely but to stretch and thin. The basin widened. Most important, sediment now started washing in from the south and southwest, from roughly the direction of what is now the Salmon River country of Idaho. Until now—throughout the deposition of the Prichard, Waterton, Altyn, Appekunny, Grinnell, Empire, and Helena—it had been coming from the west. Rifting, however, changed that by lowering or pulling the northwestern landmass farther away, diminishing its contribution.

The approximately 2,000 feet of the Snowslip can be broken into five major divisions, or members. Members 1, 3, and 5 are maroon to red. Their sediments record periods when the shoreline or beach was building out into the sea from the south. Exposed mud and sand flats stretched far out into the basin. The sediments oxidized to different degrees, creating the many hues of red. Members 1, 3, and 5 display mud cracks, mud chips, and ripple marks. The intervening members, numbers 2 and 4, are pale green. They record sea expansions, times when the muds were inundated. The yellows and oranges that occur here and there come from small amounts of weathered dolomite. Mound-shaped stromatolites are common in several of the members, especially in the sandy, green rock of member 2. The Snowslip is named for Snowslip Mountain, a peak at the southern tip of the park famous for its avalanches. There, toward the summit, you can see all five members of the formation. The Snowslip also forms the top half of the Garden Wall and is well exposed around Hidden Lake and from Granite Park to The Loop.


[image: chpt_fig_010.jpg]
Most of Mount Wilbur is limestone and dolomite of the Helena Formation. The summit, however, is argillite—red and green rock of the Snowslip Formation. (JOE WEYDT)



There is no agreement on where the Snowslip ends, but a logical place to draw the line is at a thin bed of coarse white sand that sits like icing on top of member 5. This quartzite beach deposit is covered by a layer of stromatolites. Together, the sand and the stromatolites signal the beginning of the Shepard, a rising sea, and a return to carbonates. The formation is dolomitic and weathers from yellow to dusky orange.

During the early deposition of the Shepard, rifting produced faults that cut through the Belt sediments. Hot mantle magma shouldered its way up through the faults and flowed out across the sea floor. As it hit the water, it cooled quickly and formed lava pillows, similar to basalt domelike structures now found at the bottom of the Atlantic or Pacific, where magma oozes from fissures in mid-oceanic ridges. Except here, the water was shallow—30 to 50 feet deep. We know because the viscous rock billowed high enough to breach the surface. Once exposed to the air, it took longer to cool and moved riverlike, spewing over itself in smooth, ropy flows called pahoehoe, a Hawaiian word. The event is called the Purcell Lava. At Hole-in-the-Wall, its northernmost exposure, the Purcell Lava is 300 feet thick. It thins to 60 feet by the time it reaches Granite Park and pinches out altogether at Huckleberry Mountain. The best places to see it are at Boulder Pass, Fifty Mountain, and Granite Park, where it stands out well from the surrounding rock.

Above the lava, about 100 feet of red strata, oxidized argillite, record a brief drop in the level of the Belt Sea. Above that, the main body of the Shepard, 600 to 1,300 feet of yellow stone, caps many of the park’s peaks, including Mount Cleveland, the tallest in the park, and forms the cliffs around Granite Park.

Climb out of the Shepard and you hit red again: the mud-cracked wine reds, brick reds, and rose reds of the Mount Shields Formation. Like the rusted beds of the Snowslip, the lower part of the Mount Shields (members 1 and 2) formed when mudflats and alluvial fans built up and pushed farther out to sea. The top of member 2 is a spectacular creamy pink limestone layer of ooids and small stromatolites left after an interval of sea expansion. Then red again, 1,400 feet of it. More mudflats. Much of the rock here is rippled. The formation is capped by purplish gray and blackish gray-green argillite—another cycle of high water. The darkest mudstone at the top indicates the sea waters had freshened.

Not much Belt rock occurs above the Mount Shields Formation in Glacier Park. Most of it has eroded away. The Bonner Formation, next above the Mount Shields, and the McNamara Formation on top of it are the topmost and most recent of the Belt Supergroup rocks in Glacier. The Bonner is a thin, 840-foot-thick wedge of pink quartzite, a hardened sandstone deposited on an alluvial apron. The McNamara, which is more substantial, is a cracked and rippled gray-green mudstone that records one last drowning and drying of the sea floor. Both formations are exposed in the southern part of the park east of Mount Shields and near the mouth of Coal Creek.
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Shoving the Park into Place

The laying down of that great assemblage of Belt rock constitutes the first and biggest chapter of the park’s geologic history. It ended without major geologic incident about 1.2 billion years ago. For the next 700 million years, not much seems to have happened to the rocks in Glacier Park. To the west, however, in eastern Washington, rifting continued, and the continent that had been stuck to North America (the source of all the Belt sediments) drifted away. Then, about 500 million years ago, during the Cambrian period, sea levels rose and Montana was flooded by ocean waters replete with early marine animals—trilobites, brachiopods, sponges, primitive mollusks, worms, and crustaceans. The Devonian and Mississippian periods followed and left behind more deposits—mostly dolomite and limestone. But throughout those hundreds of millions of years, Glacier’s Belt rocks suffered little deformation. They show no signs of torture, record no great episodes of tectonic disturbance—no severe crumpling, no intense folding or faulting, no episodes of mountain building—only some gentle tilting and warping. Of course, erosion worked the rock, washed away entire formations, but only the top ones. Other than that, the Belt rocks rested comfortably.

Until 60 million to 70 million years ago. It is almost as if the rocks had been resting, procrastinating, preparing for the five-to ten-million-year event that would transplant a large chunk of them 50 miles to the east, up and out of the Belt Basin. The chunk to be relocated was titanic—a slab 300 miles long, in excess of 50 miles wide, and up to 4 miles thick. It didn’t slip on its own, wasn’t pulled by gravity; it was shoved. In the hundred million years preceding the chunk’s displacement, North America was crashing into islands the size of Japan. The collisions battered and compressed its crust, lifted mountains, and sent the future Glacier Park sailing, albeit slowly, across northwestern Montana.


Lifting the Rockies

One hundred and eighty million years ago, at the latitude of Glacier National Park, the west coast of America lay somewhere near the Idaho-Washington border. If it had existed then, Sandpoint, Idaho, would have been a Pacific seaport. At that time (the middle of the Jurassic) the west coast of North America ran from the border between the Yukon and the Northwest Territories south, through the middle of British Columbia, Idaho, and Nevada into the Gulf of California. Modern Alaska, the Yukon, much of British Columbia, and all of Washington, Oregon, western Idaho, and western California were absent—yet to be added. Those pieces sat as islands and microcontinents in the Pacific much as Indonesia and the Philippines sit in the South China Sea. At the time, the North American Continental Plate was drifting west. The Pacific plates were sliding under it and being pulled into the mantle. The island arcs, too light to be pulled into the mantle, gathered, one at a time over the course of 100 million years, onto the western edge of North America, fattening it into its current shape.

The sum total of all those islands crashing into the west coast had the same effect as a continent-to-continent collision. It produced forces that raised and rippled North America from Alaska to Mexico. The early Rockies rose up. Even after the islands had stopped colliding (about 80 million years ago), the compression continued. The Rockies kept building—for another thirty-five million years. This later, post-collision phase of mountain building, of folding and faulting, of thrusting and mashing, is called the Laramide Orogeny. It was during the Laramide that the Belt rocks moved into Glacier.

At least two theories account for why deformation continued so long after the last island arc slammed into the continent. The first argues that new terrains added so much igneous rock to the western edge of North America that the crust there grew thicker and hotter and more plastic. Imagine a pile of cool honey poured into a warm wok. As long as it is cool, the honey is glutinous—viscous, like continental crust. It pours into a high mound. But as it sits there and soaks up heat from the wok, the bottom layer becomes more liquid. Honey begins to peel off the top and roll down the sides in thick curtains. They force the lower, more fluid honey to ooze out at the bottom and move vertically, up the sides of the wok. According to this model, the Laramide Orogeny was caused by spreading—the rock oozing out under its own weight. The resulting compression fractured the continental crust, which is more brittle than honey, and thrust great shards of it eastward.


[image: chpt_fig_011.jpg]
Aerial view of the Logan Pass area. Logan Pass is center right. The rock that makes up all the park’s mountains formed 50 miles to the west and was thrust into its present position by compressive forces that started about 180 million years ago. (NATIONAL AGRICULTURAL IMAGE PROGRAM)



Another theory examines the speed of the colliding plates. Until about seventy-five million years ago, the Pacific plates were smashing into and subducting under the North American plate at a rate of about 2 inches a year. Then, suddenly, the rate tripled. The plates continued colliding at this faster speed, about 6 inches a year, for some thirty million years, then slowed again. Some geologists believe the increase in collision speed compressed the western margin of the continent like an accordion and created the Laramide Orogeny.
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