Geology of the Okanogan Highlands Tour 2013
A Highland Wonders Learning Opportunity offered by Okanogan Highlands Alliance
Lead by: Ralph Dawes (WVC), Cheryl Dawes (B.S. Geology), Steve Box (USGS), and Karl Lillquist (CWU)

Introduction:

Two hundred million years ago, the area that is now the Okanogan Highlands was along the
western edge of the North American continent. Since that time, three major geologic
processes have shaped the area: terrane accretion, Eocene extension and volcanism, and
glaciation.

Between 200 and 180 million years ago, volcanic islands built on oceanic crust were
shoved onto the continent in the Highlands region in a process called accretion. Rocks
added like this are called accreted terranes. Quesnellia is the largest accreted terrane in the
Okanogan Highlands and the one that we will see rocks from on this tour.

Between 60 and 40 million years ago, the crust under the Okanogan Highlands was
stretched and broken apart at the same time as volcanoes erupted in the area. Today we
will see rocks representing the two ways these volcanoes erupted - as lava flows and as
exploded bits and pieces. The stretching and breaking apart of the crust that occurred at
this time created the definitive geologic structures of the Highlands, known as
metamorphic core complexes (see stop 1) and grabens (see stop 4).

Between 2.6 million and 12,000 year ago, continental glaciers repeatedly advanced from
the north over the region, reshaping the surface of the Okanogan Highlands. The glaciers
smoothed the ridges and peaks, deposited flat layers of sediment on the valley bottoms,
formed flat benches along the sides of the valleys, and created the system of lakes and
streams that water the Highlands today.

The unique combination of bedrock, geologic structures, and glacial features create the
wondrous landscape of the Okanogan Highlands.

Stop 1: Amphibolite Gneiss Borrow Pit

Location: On Clarkson Mill Rd, 1.6 miles south of Tonasket

(48° 40’ 56.27"N 119° 27’ 27.24"W)

Parking: Approach will be from the southern end of Clarkson Mill (48° 40’ 34.94”"N 119° 28’
02.13"W) in order to utilize the pullout on the right-hand side of the road heading north,
just before the borrow pit.

Gneiss is a metamorphic rock that forms at high temperatures and pressures and is
characterized by light and dark layers. This gneiss, the Tonasket Gneiss, is part of the
Okanogan Metamorphic Core Complex. A metamorphic core complex is a zone of igneous
and metamorphic rocks that were domed upward beneath a detachment fault.

This borrow pit is in the Okanogan fault zone, which forms the western border of the
Okanogan Core Complex. Here in the borrow pit we are looking at igneous and
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metamorphic rock that have partly been turned into mylonite (from Greek for “milled
rock”). The black rock is a type of metamorphic rock called amphibolite, which was basalt
before it was metamorphosed and recrystallized at high temperatures and pressures in the
earth’s crust. The light-colored rock is granite that cooled from melted rock that intruded
into the amphibolite.

The granite became mylonite from the shear stress exerted by movement on the Okanogan
fault. Mylonite is a type of metamorphic rock in which the minerals have been pervasively
layered, elongated, and aligned by shearing. Look closely at the light-colored rock and you
will see that it consists of common granite minerals (clear quartz, white feldspar, and black
biotite) that have been recrystallized into parallel layers and lines.

Geologists think that it is not a coincidence that the Okanogan River valley follows the
Okanogan fault zone from Canada to Omak. The river, as it eroded its valley, probably
ended up following the zone of rock weakened by the fault. The hills on the west side of the
Okanogan River consist of rocks that were above the Okanogan fault and slid off to the
west. The “flat irons” that line the east side of the Okanogan valley between Riverside and
Tonasket are made of mylonite from the zone below the fault that was sheared by the
sliding.

Stop 2: Bonaparte Creek turns wide and Kame Terraces

Location: Between Mileposts 273 and 274, just before Cayuse Mtn Road
(48.66990, -119.22489)

Parking: Large, paved pullout

Starting as much as 2.6 million years ago, the Okanogan Highlands were covered several
times by an ice sheet that flowed out of western Canada. The most recent ice sheet
glaciation of the Highlands ended about 12,000 years ago and left many of the landscape
features we see today. As the most recent ice sheet that covered the Okanogan Highlands
stagnated and melted, remnant glaciers were left occupying the major valleys. Between the
sides of the remnant glaciers and the valley walls, glacial meltwater deposited sand, gravel,
and boulders, forming kame terraces. Kames are landforms deposited by flowing water
adjacent to and partly in contact with glacial ice. Terraces at more than one elevation along
a valley suggest that the glacier melted in stages.

Stop 3: Moccasin Lake

Location: Wauconda (State Land, before Kiesecker’s property)
(48.74289, -118.98775)

Parking: Ample space for bus to pull in facing the gate, cars alongside

Geologists passed samples around from outcropping just ahead on route (at 48.75161, -
118.98769), of calcite marble that has been metamorphosed longer and more intensely

than the marble at Chesaw (comparison/contrast).

The lake is on private property. It is along Walker Creek, which flows north into Toroda
Creek. Local folklore has several stories about this lake. In geological terms, lakes are
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temporary features in a landscape, which in the long run (which is a lot longer than human
history) will be filled in by sediment or otherwise erased from the landscape.

A lake is a sign of something happening recently in the geologic history of an area that
disrupted stream drainage. Toroda Creek valley shows signs of being occupied by a
remnant glacier when the ice sheet was melting from the Highlands. There are what appear
to be kame terraces along parts of the valley. The floor of this part of Toroda Creek valley is
flat, suggesting that the whole valley floor may have been temporarily occupied by a lake
when the glacier melted. Just northwest of Moccasin Lake is a landform that may be a
stranded delta formed when a side stream discharged into the temporary lake on the valley
floor.

What is the origin of Moccasin Lake? It may be all that is left of a once larger lake in a
glacially disrupted stream drainage. It may be a kettle lake, which is a lake in a hollow
formed by sediment accumulating around a chunk of ice left from a glacier.

Glaciers commonly excavate some parts of valley floors deeper than other parts,
particularly where there is softer rock or weak zones in the bedrock. Bedrock that crops
out through glacial sediments on hillsides around Moccasin Lake includes marble made of
the mineral calcite, which is relatively soft and soluble in water. The same bedrock
presumably underlies the glacial, lake, and stream sediments that fill the bottom of the
valley. This can lead to speculation about the possible role of bedrock in the formation of
Moccasin Lake.

Drive-by stop leaving Moccasin Lake, from which samples will be shared: Outcrop of
strongly foliated and lineated white marble. Foliated means it was layered during
metamorphism. Lineated means that many of the minerals lined up, in this case in parallel
lines that run steeply down the slope of the foliation layers. The rock used to be limestone,
before it was metamorphosed - probably limestone from an accreted terrane. The
Quesnellia terrane includes limestone deposits formed in a warm, shallow, tropical ocean
over 200 million years ago, far from North America. In some parts of the Quesnellia terrane,
the limestone contains fossils, which help narrow down its age to late Paleozoic to early
Mesozoic (roughly between about 300 and 200 million years old). Here the limestone has
been so strongly metamorphosed into marble, and so strained, that it has no fossils. Take a
look at the sugary, shiny calcite crystals that make up this marble. From the quarry a mile
or two to the north, relatively pure high-calcium marble is excavated, taken in trucks down
to a train siding south of Tonasket, and loaded onto railroad cars to ship to a processing
facility near Portland. The marble is used in paper whitening.

Stop 4: Bodie townsite /Klondike Volcanic Outcrops

Location: Just before the historic townsite of Bodie

(Park at 48.83175,-118.89762)

Parking: Park at 2nd pullout and backtrack, walking, to first outcrop of andesite

Volcanic clastic rock outcropping across from parking: Volcanic breccia

Field Trip Handout Geology Tour 2013 page 3



Backtracking just a little south on the road, the second outcropping has lava flow banding
(flow layers) with curves suggesting lobes and bulges as the flow grew; the rock is probably
andesite, which has an intermediate volcanic composition (found at 48.83058, -118.89933)

We have driven out of the Okanogan metamorphic core complex and into the Toroda Creek
graben. A graben is a type of rift valley where the crust was stretched apart and dropped
downward along steep faults. The rocks in the Toroda Creek graben, like the Republic
graben nearby to the southeast, largely consist of volcanic rock of Eocene age, about 48-57
million years old. The Toroda Creek and Republic grabens, eruption of the volcanic rocks,
and formation of the Okanogan Metamorphic Core Complex, all overlap in time.

The two outcrops at Stop 4 are two different types of volcanic rock from the Klondike
Mountain Formation that show contrasting styles of eruption. The southern outcrop is from
a lava flow. It displays flow banding, which is common in viscous (thick, sticky, slow-
moving) lava flows. Such viscous lavas have a lot more silica in them than the runny types
of lava that form basalt, and, as seen here, solidify into a much lighter colored rock than
basalt, such as this andesite. The curved flow bands suggest how the lava flow may have
grown in bulges or lobes as more lava pushed into it from the volcanic vent.

The northern outcrop is a volcanic breccia, which means it consists of angular pieces of
rock caught up in a volcanic eruption and welded together by the heat and molten volcanic
material. See if you can distinguish the angular pieces of volcanic rock that are bound
together to form this volcanic breccia.

Though we don’t see it here, the Klondike Mountain Formation also contains layers of
sedimentary rock, from places where streams and lakes became established during
extended lulls in the volcanic eruptions. One example is the siltstone of the Stone Rose
fossil quarry in Republic, in which many plant fossils (and a few fish and insect fossils) have
been found, in sedimentary layers of the Klondike Mountain Formation.

Rock samples from the three volcanic units of the Toroda Creek graben will be passed
around at lunch. To discuss the rocks, it will be helpful to understand a little volcanic rock
terminology and the stratigraphic sequence of the local formations of volcanic rock:
* tuff - rock made mostly of solidified volcanic ash
* volcanic breccia - rock consisting of welded-together angular fragments of volcanic
rock
* volcanic ash - tiny shards of volcanic glass created by explosive eruptions
* lapilli - volcanic particles larger than ash and smaller than breccia, often rounded
* pyroclastic - describes explosive volcanic eruptions that hurl fragments into the air
* volcaniclastic - describes volcanic material that has been redeposited after eruption,
usually by flowing water
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Eocene Volcanic Stratigraphy of Toroda Creek and
Republic Grabens (youngest at top)

Klondike Mountain Formation -
lava flows, sedimentary layers, and volcanic breccia
Sanpoil Volcanics -
thick lava flows
O’Brien Creek Formation -
tuff, lapilli, volcaniclastic rocks, sedimentary rocks

The O’Brien Creek Formation is characterized by thick white layers of volcanic ash, crystals,
lapilli, and other volcanic debris. Much of the volcanic debris in the O’Brien Creek
Formation was volcaniclastic - it was redeposited by streams. The Sanpoil Volcanics are
notable for thick lava flows that make steep slopes and high hills in the area including along
the eastern portion of Beaver Creek. The Klondike Mountain Formation we see at stop 4 is
the youngest of the three formations of volcanic rock that fill the Toroda Creek graben.

Stop 5: Beth Lake Campground

Location: Beaver Canyon

Parking: Campground sites 13 and 14, no fee, day use permission granted. Bus should back
into site #14; group can eat at #13. Go left, following sign for Campsites.

-Lunch and bathroom break
-Share samples of volcanic rock from outcroppings we have just driven by

* Samples from the Sanpoil Volcanics Lava Flow:
(Lat/Long: 48°51' 33" 118° 55" 11"; GPS Lat/Long: 48.85901, 118.91974):
* Samples from the O’Brien Creek Formation lapilli tuff (at Pontiac Ridge Rd)
(Lat/Long: 48°51' 11" 118° 56' 58"; GPS Lat/Long: 48.85287,-118.94937)

Stop 6: Paleozoic Spectacle Formation Outcrop

Location: In Beaver Canyon, 2.8 miles beyond Beth Lake Campground; look for dead-top
alder to mark the spot just beyond pullout; Milepost 26

(48°53"16"N 119°00'41"W)

Parking: Pullout on the right-hand side of road, just before the outcrop; group will walk
along roadside to the outcrop

At this stop we see metamorphic rock of the Quesnellia terrane. The Quesnellia terrane was
originally oceanic crust on which volcanoes built up into an island arc. Modern day
examples of island arcs include Japan and the Aleutian Islands. The variety of rock types in
Quesnellia reflects the origin of the terrane. This variety includes ocean floor and island arc
volcanics; intrusive igneous rocks, similar to granite, that solidified beneath the volcanoes;
and a variety of seafloor sedimentary rocks including mudstone, sandstone and limestone.
All this rock accreted to the edge of North America early in the Jurassic period (between
170 and 200 million years ago). Over the millions of years during which accretion
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occurred, parts of Quesnellia were broken and shoved up on other parts of Quesnellia along
a type of fault called a thrust fault. The Chesaw thrust, which is near here, is one of these
faults, but it is covered by glacial sediment where our route crosses the fault.

These rocks at stop 6 were metamorphosed by heat and pressure within earth’s crust, a
process that replaced the original minerals in the rocks with new minerals. The
metamorphic rocks here are schist and amphibolite, which may have originally been
sedimentary rock such as mudstone and igneous rock such as basalt.

Stop 7: Granodiorite at the Mouth of Beaver Canyon

Location: 1.8 miles from the previous stop, at Chesaw end of gorge, N. end of Pontiac Ridge Rd
(48°54'11" 119°02'16")

Parking: Turn left into ample space across from the outcrop, in a driveway area marked
with a political sign, “Smith,” across from Pontiac Ridge Rd.

The rock at stop 7 is called granodiorite. This granodiorite is thought to be of Cretaceous
age, between 65 and 145 million years old. The white mineral in the rock is plagioclase, the
clear mineral is quartz, the flaky-sheeted black mineral is biotite, and the blocky black
mineral is hornblende.

After Quesnellia had accreted and was part of North America, the subduction zone shifted
farther west. Subduction produces magma, which intrudes the overlying crust and
solidifies into large bodies of igneous rock such as granite. Granodiorite is a close relative
of granite. Several bodies of granodiorite like this intruded Quesnellia during the Jurassic
and Cretaceous periods, after the terrane had docked with North America.

Not far from here is Buckhorn Mountain. The gold deposit at the Buckhorn mine formed as
a result of chemical reactions that occurred when granodiorite - similar to what we see
here - intruded marble of the Quesnellia terrane.

In view across the valley, note the roche moutonnée, a rock formation caused by the
movement of the glacier across the bedrock, creating an asymmetrical landform in which
rock has been smoothed on one side and plucked on the other. Literally translated from
French, the term means “sheep rock” and was first applied to landforms like this in the
European Alps.

Stop 8: Marble Outcrop at Chesaw

Location: Just south of Chesaw at dramatic bend in the road

(48°56' 25" 119°03'18")

Parking: The landowners just before the turn in the road, the Leslies, have granted
permission for us to park the bus in their driveway. It may be easier for the cars to park in
the pullout on the right-hand side of the road, to give the bus space to maneuver during
parking.
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The rock here is marble of the Quesnellia terrane. Marble is metamorphosed limestone.
Some outcrops of Quesnellia marble are so little metamorphosed that fossils are still
discernible in them - fossils of marine plankton and seafloor dwelling organisms that lived
in a warm, shallow ocean environment, probably on an underwater part of an island arc.
The fossils are of Permian age (between 252 and 299 million years old). The marble here is
less metamorphosed, strained, and recrystallized than the marble near Moccasin Lake
(stop 3). The steeply tilted beds in the marble here may be original sedimentary beds,
rather than layers created by metamorphism. The primary mineral in the marble is calcite,
which can be seen as fine-grained crystals. After metamorphism, calcite crystalized from
water in cracks in the rock, forming the white veins that can be seen today.

Stop 9: Hungry Hollow Hummocks
Location: Along Hungry Hollow Road between Chesaw and Havillah
(still need to get the lat/long)

The landscape we are looking at is associated with glacial meltwater and is known as
"kame and kettle topography". Kames and associated kame deltas and eskers form

from glacial meltwater and associated sediments being deposited within, and at the base of,
glacial ice. This occurs because meltwater atop a glacier thermally and mechanically
erodes moulins (i.e., vertical shafts) that deliver sediment to the interior or base of a
glacier. This sediment accumulates in thermally and mechanically eroded hollows in the
ice. When the ice melts, a variety of topographically positive features appear depending on
the original shape of these hollows . Conical hills reflecting roughly circular ice

voids are kames while sinuous ridges known as eskers develop in sinuous former
meltwater channels. Kame deltas are roughly circular but flat-topped deposits formed
when subglacial meltwater channels emptied into subglacial lakes. As such, eskers are
often associated with kame deltas. Finally, the depressions seen on kames and kame deltas
arekettles, formed by the melting of chunks of glacial ice once buried in glacial drift. From
the ground (but much better from the air via Google Earth), we can see an esker in the
foreground and kames, kame deltas, and kettles in the background. While it does not
appear to be true of these features, kames, eskers, and kame deltas are often the sites of
quarries because of the associated well-sorted sands and gravels. Google Earth shows such
a quarry north of our stop and just north of the Chesaw Road.

These features formed during ice stagnation in the area, near the end of the Pleistocene
probably 15,000-11,000 years before present.

Stop 10, Antoine Creek Gorge Overlook and Gneiss Outcrop
(Group did not stop here on account of time limitations)

Location: Along Havillah Road (48° 46' 27" 119° 19' 04")

Parking: In pullout just after Gneiss outcrop and near gorge overlook

Since the last glacial ice melted away (or possibly starting before then), Antoine Creek
incised a steep gorge within a broader glaciated valley.
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Tonasket Gneiss outcrops along the road: Compare the rock here with rock we saw at stop
1. Here the Tonasket Gneiss consists of several types of granitic rock that reflect various
degrees of metamorphism and recrystallization into mylonite. Like the rocks we saw in the
borrow pit, the rock here was caught up in the shear stress of the Okanogan detachment
fault during the Eocene epoch. The fabrics and cross-cutting relationships in some of the
light-colored, granitic rock in the outcrops at stop 10 indicate that the magma was
intruding at the same time as the rock was undergoing metamorphism under high shear
stress, turning into mylonite.

Driving Feature to notice after stop 10: Antoine Valley Flat
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