
Geology of Pend Oreille County 
 
 We live in a time of rapidly evolving 
understanding of the history of the Earth and the 
Universe itself.  Around 1970 scientists began to 
accept the concepts of tectonic plates and Pangaea 
– a period when all of the continents – as we now 
know them – were one.  Since then they have 
refined their concepts to define several instances 
of giant continents, occurring every 500 million 
years or so.  A continent drifting at 3 inches per 
year can circle the globe in 549 million years. 
There could have been 8 such giant continents in 
the 4.4 billion year history of the Earth. 
 In Northeast Washington, we live on base 

rocks that once 
belonged to a 
giant continent 
sometimes 
known as 
“Rodinia,”  a 
Russian word 
meaning 
“homeland.”   
Rodinia itself 
formed about 
1.2 billion years 

ago and lasted for 350 million years.  The east 
coast of this continent was probably adjacent to 
western South America.  The west coast of 
present North America lay next to what is today 
Eastern Siberia and Antarctica.   
 A group of distinctive sedimentary rocks 
settled in a giant basin covering large parts of 
what is now Alberta, British Columbia, Montana, 
Idaho and Washington ~1,800Ma (about 1,800 
Million Years ago) .  Named the “Belt 
Supergroup” after a small town in Montana, the 
Belt rocks accumulated to perhaps 50,000 feet 
near the Washington-Idaho border.  The oldest 
rocks in Pend Oreille County lie just west of 
Cusick along the Flowery Trail highway.  These 
Prichard Formation rocks date back as far as 
~2,500 Ma, over half the age of the Earth.  They 
are metamorphic, having been squeezed, twisted 
and tilted under tremendous pressure.  When 
Rodinia started to break apart about 750 Ma, these 
rocks became the coast of the North American 
“Craton” , the core of what is now the North 
American continent.   
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 As Rodinia broke apart, a long seaway 
called the Windermere Rift formed, slowly 
separating the craton from lands that would drift 
as far away as Australia.  Although living 
organisms have existed for about 3 billion years, 
almost since the Earth formed, when this seaway 
opened up there was very little living on the land 
or in the sea.  The forces of heat and cold, water 
and wind filled rivers with sand that washed out to 
sea forming a continental shelf along what is now 
northern Pend Oreille County . 

 
 This sandy shelf would eventually be 
compressed into quartzite.  The layers of Addy 



and Gypsy quartzite have become a predominant 
feature of Northeastern Washington’s geology. 
 Over the next few hundred million years, 
ocean life blossomed.  Sea creatures combined 
carbon and calcium to make skeletons and shells 
that settled to the ocean floor.  With age and 
pressure limestone formed as a layer over the 
quartzite along the ancient coast with an age of 
~460 to 430 Ma.   
 Hydrothermal action pushed mineral-rich 
sea brines into cavities in the limestone leaving an 
estimated 100 million tons of zinc and lead in the 
Metaline Mining District.  A belt of lead/zinc 

mines extends west to Northport. 
 By 350 Ma, the supercontinent Pangaea, 
had assembled with a shallow sea to the west of 
present-day Metaline.  A band of volcanic islands 
formed on the western border of that sea where 
the tectonic plates collided with the continental 
shelf.   
 
 Life had evolved tremendously with phyla 
for plants, insects, fish and even early reptiles.  
But around 250ma an asteroid impact is thought 
to have caused a mass extinction, much worse 
than the one which would later claim the 
dinosaurs.  Ninety percent of all species of life 
went extinct. 

 Life would begin to rebuild and so would 
the western margin of the North American 
Continent.  The Atlantic Ocean was forming on 
the eastern side of the craton pushing away Africa 
and South America but also pushing the future 
North America into the Pacific.  What had been a 
“passive margin”  with little tectonic pressure for 
millions of years began a series of mountain-
building collisions that continue today. 
 To understand the combination of events 
that reshaped perhaps the most complicated 
geology of North America, we need to look a little 
more closely at what happens when plates collide.  

Very weak nuclear reactions heat the core of the 
Earth into a molten mass.  Lighter elements, such 
as silicon, the most common solid element, tend 
to float to the top of the mass and forma a solid 
crust.  Quartz is Silicon Oxide, SiO2.  Spreading 
ridges of lava emerge on the ocean floor from the 
Atlantic and Pacific ridges.  The cold water and 
tremendous pressure of the ocean causes lava 
formed on the ocean floor to be heavier than 
terrestrial lava.  As heat from the Earth’s core 
continually pushes magma to the surface of the 
mid-ocean floor, the dense oceanic plates 
continually spread across the plastic 
asthenosphere of partially molten rocks to press 
against the edges of the continents.  Since they are 
generally heavier than the continental crust, these 
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plates are driven back down into the mantle where 
they melt once again.  The oldest oceanic rocks 
are ~200Ma.  The Prichard Formation rocks on 
Flowery Trail Rd are over 12 times that old. 

 
 When the oceanic crust melts, the lightest 
elements rise to the top and push through cracks 
in the continental crust.  If they break the surface, 
they emerge as volcanic rocks.  If they cool in 
cracks (dikes) within the base rock or as large 
bodies of granite, they are called “plutons” .  If the 
pluton is large enough to extend back down into 
the mantel, it is referred to as a “batholith” . 
 As Pangaea spread apart ~195 Ma, the 
continent pushed against the Farallon oceanic 
plate (so named for the Farallon Islands off the 
California coast which still ride the last remnants 
of the plate).  The ocean floor folded up against 
the shore raising a range of costal mountains.  The 
volcanic islands, which were out at sea, scraped 
off the ocean floor as it dove beneath the 
continental crust and merged into the costal 
mountains.   For millions of years, plutons of 
lighter elements pushed up through the crumpled 
mass welding it together and forming an extensive 
body of granitic rock known as the Kanisku 
Batholith which extends from the mid Pend 
Oreille River east through Priest Lake. 
 The boundaries of these plutons are often 
rich in minerals and crystals.  The cool native 
rock can quench molten metals out of the rising 
magma.  Long-cooling magma can create 
chemical conditions that separate metals from 
native rock.  The Starlight Uranium Mine, (#115) 
is an example of minerals in intrusive granite 
within the Prichard Formation.  The crystal 
prospects along Solo Creek are in an area where 
granite has intruded into the Belt Group rocks. 
 This look at the rock structures of Pend 
Oreille County shows the Belt Group in light blue 
and intrusive rocks in purple, pink and light 
orange. 

 
 The Cretaceous Period, 145 Ma to 65 Ma 
was the heyday of the dinosaurs, despite best-
selling movies about the earlier Jurassic period.  
The Tyrannosaurous Rex, Velociraptor and 
Triceratops evolved toward the end of the 
Cretaceous period.  The Cretaceous Period ended 
abruptly, concurring with the impact of a 180 
megaton asteroid in Chixulub on Mexico’s 
Yucatan Penninsula 65 Ma.  Most of the granitic 
plutons in Pend Oreille County were also 
deposited during this period. 
 The upwelling of molten rock into what 
are now mountains on either side of the Pend 
Oreille River, may well have resulted in 
volcanoes on the tops of the mountain range.  If it 
did, it has eroded down to rocks that cooled well-
below the surface.  Another intrusion was coming 
however with different results. 



 The Northern part of the Farallon Plate 
broke off from the rest of the plate around the area 
that is now the Columbia River from where it 
joins the Snake River to the Ocean.   

 
 This fracture changed both the direction of 
forces pushing into the continent and the source of 
molten rock.  The new Kula Plate moving 
Northward, released pressure from the West.  
Mountain Building subsided for a while.  But the 
Kula plate was being pushed under the continent 
and a new set of volcanoes arose inland in a line 
from Northern Okanogan County to Challis Idaho 
along the Salmon River.  Most of this new granite 
and volcanic rock lies in a area from Cusick to 
Newport to Fan Lake (orange 47 MYA granite on 
Rock Structures map P.3). 
 Also left behind are deep layers of 
sediment deposited by rivers draining into the 
relatively low area along that ancient coast.  Some 
of these sediments are still present in Pend Oreille 
County north and east of Cusick and just south of 
Tiger.  In other areas of the state, related 
sediments hold fossils of palm fronds, and 
petrified trees.  Ferry County’s Stonerose Fossil 
beds and Knob Hill gold mine date back to 
volcanic activity in this same period.  This area of 
the continent was closer to the equator and 
warmer back then.  Ancient cedars, fish and 
insects as well as the primitive rose that gives the 
site its name are found in the Stonerose Fossils. 

 The same tectonic forces continued to be 
active into contemporary times, but most 
mountain-building activity occurred in Western 
Washington.  Notice the Crescent Basalt in the 
image to the left.  The Kula Plate broke into a 
western and an eastern half.  The western half 
moved north and left the Crescent Basalt as 
today’s Olympic Mountains.  The spreading 
center between the Kula and Farallon plates also 
moved north and east.  The hot spot in the Earth’s 
mantle that had previously pushed up the Crescent 
Basalt out in the ocean, moved toward the Tri-
City area of Eastern Washington and Northeastern 
Oregon setting up the next major volcanic event. 
 Between 17 and 15 Ma molten lava began 
spreading from the hot spot over all of the 
Columbia Basin and out to the ocean.  This is the 
last known eruption of flood basalts on a 
continental surface although geologic formations 
and dating show that it has happened dozens of 
times in the distant past.  It is also the largest in 
North America covering thousands of square 
miles.  Many geologists believe that the same hot 
spot has now moved east and is responsible for 
the geothermal activity in Idaho’s hot springs and 
Yellowstone National Park. 

 
 This basalt did not extend into Pend 
Oreille County, but it’s great weight seems to 
have depressed the Columbia Basin and laid the 
foundation for what eventually became the 
greatest floods in geologic history, which swept 
right through Pend Oreille County. 
 First a word about Ice Ages.  By taking ice 
core samples at the polar ice caps, scientists are 
able to tell the molecular composition of the 
precipitation as it fell to Earth. These ice-trapped 
clues are indicative of the temperature in ancient 
times, and the fluctuations of temperature and 
climate through the eons. 



 There have been regular patterns of ice 
ages lasting about one hundred thousand years. 
These ice ages are punctuated by warmer “ inter-
glacial”  periods lasting around twenty thousand 
years. We are presently in an inter-glacial period 
that has lasted about 11,000 years.  We should be 
in a cooling phase again right now but are not. 

  
   Glacial Lake Missoula was formed, 
numerous times, during the last major ice age 
between 15,500 and 13,500 years ago. The 
Cordillarian Ice sheet covered much of Canada 
and extended into Pend Oreille County flowing 
down the Purcell Trench damming the Clark Fork 
River at the present site of Pend Oreille Lake, 
creating Glacial Lake Missoula. Lake Missoula 
stretched for hundreds of miles across western 
Montana and contained more water than Lake 
Erie and Lake Ontario combined. It©s estimated 
that at its maximum the elevation of the lake rose 
to 4,350 feet, with water as deep as 2000 feet at 
the ice dam. The breaching of this ice dam 
numerous times (anywhere from 41 to 89 separate 
events), released the largest floods known to have 
occurred for which evidence is found. 
 Just as ice floats in your glass of water, the 
ice dam holding this large volume of water was 
eventually going to float. When these ice dams 
broke it©s been estimated that a wall of water 2000 
feet high and racing at 45 miles per hour rushed 
across the landscape, scouring everything in its 
path. The amount of water released would have 
been more than all the rivers of the world 
combined. The scablands were created in Idaho 
and Eastern Washington as these large floods 
quickly stripped away 200 feet of soil and cut 
deep canyons into the underlying bedrock. In the 
wake of these floods depositional features such as 
50 foot high ripple marks, gravel bars as tall as 30 
story buildings, and boulders weighing more than 
200 tons were left. 

 One of the mysteries left after the ice 
disappeared, was “What happened to the 
megafauna?”  We have all heard of some of them, 
the wooly mammoth, the sabertooth tiger, the 
mastodon.  But there were many more, the short-
faced bear, a giant beaver, giant sloths larger than 
today’s elephants…  Mountain peaks that poked 
through the ice sheet are called nanatuks.  Bones 
of a mammoth were found on one such peak near 
Chewelah, Washington and the woolly mammoth 

is now the town mascot.  The 
picture to the right shows a 
mammoth leg.  Mammoth 
bones found near Hangman 
Creek in 1876 date back 
11,000 years.  These animals 
survived the ice age.  The 
question remaining is “Why 
are they now extinct?”   
Proposed answers range from 
warm climate intolerance to 
over-harvesting by early man 
and even differences in the 

Earths gravity. 

 
(Illustration by Laura Cunningham)  

 Another legacy of the Cordillera Ice Sheet 
was the long arm of the Missoula Glacier that 
extended down the present course of the Pend 
Oreille River.  As it retreated north, it impounded 
a lake to the south.  The rich soils of the flood 
plains near Usk and Cusick are derived from fine 
sediments that settled to the bottom of this lake as 
well as periodic floods from the river itself.  As a 
result, Calispell Lake on that same flood plain is a 
major wetland habitat for both local and migrating 
waterfowl as well as other aquatic species. The 
Pend Oreille River is the second largest in 
Washington State although only 155 miles long.  
Along its banks, you can find rock outcrops of the 
major types of bedrock and more than a few old 
mines. 
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 Despite all of the attention paid to 
geology, mines are usually discovered through 
prospecting especially panning for gold.  As early 
as  April, 1863, miners were swarming to the 
Kootenay gold fields across an ill-defined 
Canadian border.  Many used a wagon road from 
Metaline Falls to Colville built in 1864. By 1894 
some say that the Pend Oreille Mining and 
Dredging company had already taken over a half 
million dollars worth of gold from their placers. 
 In 1899, Gardner Cave was discovered by 
a bootlegger near present-day Boundary Dam.  
Today it is named Crawford State Park after W.H 
Crawford who deeded it to Washington State in 

1921.  The 
cave was 
almost a mile 
long until it 
was flooded by 
Boundary Dam 
in 1962.  It is 
still second 
longest in 

Washington at 1/4 mile and it has the largest 
stalagmite column in the Northwest.  There are 
tours in the summer season. 
 There was a gold boom in the county from 
1906-1907.  The economy continued to grow and 
Pend Oreille County separated from Stevens 
County in 1911.  Lewis P. Larson, a prospector 
and developer, claimed a limestone quarry and 
developed a cement plant and the town of 
Metaline Falls between 1900 and 1910.  (A huge 
forest fire, in 1910, burned much of the area.) He 

went on to develop the Pend Oreille Mines which 
together with the other mines in the Metaline 
Mining District  produced 486,360 tons of zinc 
and 220,000 tons of lead up to 1995.  That is 

enough for 3.3 pounds of zinc and 1.5 pounds of 
lead for every person in the United States. 
 Today, Teck Cominco American Inc. has 
reopened the Pend Oreille Mine to provide lead 
ore for the Teck Cominco smelter in Trail, BC. 
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