
Stop 1: Mylonite – We are in the Okanogan Metamorphic Core Complex. The layers in this mylonite (Greek for “milled rock”) result from shearing, grinding and recrystallization of an original granite subjected to high temperature and stress within a deep-seated fault zone in the crust. This mylonite is part of the now inactive, 50 million year old Okanogan fault zone, along which igneous and metamorphic rock from deep in the crust rose to form a dome as overlying rocks slid to the west. Layered rocks like these crop out along the east side of the valley on the drive from Omak to Tonasket, forming what people in the area call “the flat-irons.”  
Stop 2: Volcanic rock in contact with granite – Here the roadcut exposes 50 million year old flow-banded volcanic lavas on the eastern half, and older granitic rock with aligned dark minerals on the western half.  Flow layers in the volcanic rock and alignment of dark minerals in the granite are sharply truncated at the contact (surface along which the different rock types touch), which indicates that the contact is a fault. This fault is a narrow fracture surface along which the rocks on either side have moved in opposite directions. The fault we see here contrasts with the broad shear zone of the Okanogan Fault, part of which we saw at Stop 1. The Stop 2 fault is typical of the shallow crust, where rock is relatively cold and brittle, as opposed to the deeper crust where the rock has a higher temperature and is ductile. This fault is part of a system of faults that form the boundary of the Toroda graben, a down-faulted block of rock. This fault appears to be a strike-slip fault, in which the two sides moved sideways (as opposed to up and down), based on the orientation of the grooved, shiny, slippery-feeling surfaces on the fault. Such grooves parallel the direction the rocks moved along the fault.

Stop 3: Republic City Park – Rocks passed around here were collected from the Tom Thumb mine about 5 miles north of here. These white rocks are made mostly of quartz. They are typical of gold-bearing veins in the Republic area that were precipitated from hot water circulating through cracks within the crust during volcanism and faulting in the area, about 50 million years ago. 
Stop 4: Greenstone – These rocks underlie the 50 million year old volcanic rock sequence filling the down-faulted Republic graben. They formed over 250 million years ago, in and around a chain of volcanoes built out in a deep ocean basin. These rocks represent underwater lava eruptions and accumulations of fine-grained sediment that occurred on an oceanic crustal plate that lay to the west of the North American continent. Between 180 and 100 million years ago, motion between the earth’s crustal plates pushed these oceanic rocks up over the edge of the North American continent at a convergent plate boundary. These “foreign” rocks that were added to the older North American continent are part of an accreted terrane known as Quesnellia, named after rocks exposed near the town of Quesnel in British Columbia. As the rocks were shoved onto North America, they became slightly metamorphosed into a greenstone and were crisscrossed by faults and fractures. The green colors are from minerals characteristic of low-temperature metamorphism. Towards the north and south ends of the outcrop, there are feeder dikes of the younger volcanic rock sequence. Dikes are solidified volcanic rock formed by magma that has forced its way through cracks in existing rock.
Stop 5: Bryozoan Fossils – Here at the reclaimed portal of the Lamefoot gold mine (mined from 1994-2000), the rock is marble. Marble starts out as limestone, becomes buried deeper in the crust, and is heated to metamorphic temperatures, which causes it to recrystallize. The metamorphism of this marble occurred at a low enough temperature that, if you look very carefully and very closely at the rock, you may be able to see small fossils in it. The fossils are the hard parts of marine organisms such as crinoids (stemmed echinoderms made of hexagon-shaped segments) and bryozoans (fine mesh structures, like tiny nets, that contained numerous tiny colonial organisms). The habitat of these creatures was a shallow ocean floor in a sunny climate. The rock is part of Quesnellia and is of Permian age, between 250 and 300 million years old. The gold ore associated with these rocks, which we don't see much evidence of here at the reclaimed surface, may have originated from a combination of volcanic and biochemical processes on the ocean floor. The location and concentration of the gold atoms in the rocks may have been modified by the warm water that circulated in cracks in the rock during the Eocene epoch, about 50 million years ago, when the Republic graben was forming. At this time, rocks in the area were being faulted and shifted, and volcanoes were erupting nearby.

Stop 6: Curlew Lake State Park – Curlew Lake is in a valley formed by erosion at the base of a continental glacier, known as the Cordilleran Ice Sheet. The ice sheet originated in the mountains of western Canada and covered a large part of northwestern North America, reaching a maximum extent about 20,000 years ago, and then melting away by approximately 10,000 years ago. Glaciers consist of moving, flowing ice, which over this valley may have been the better part of a mile thick. The hills on the far side of the lake are long ridges that are streamlined in a north-south direction, sculpted by the south-flowing glacier that covered this entire landscape. The valley of Curlew Lake was a pre-existing stream valley, which had its drainage altered and divided as a result of the glaciation. Sanpoil Lake and Curlew Lake are in the same valley, with less than 3 miles between them. Sanpoil Lake drains south into the Columbia River. On the other hand, Curlew Creek, the outlet stream of Curlew Lake, drains north into the Kettle River. This is an example of what is called a deranged stream drainage system, a common effect of recent glaciation.

Stop 7: Migmatite – In the Okanogan Highlands, the down-faulted grabens are mostly filled by volcanic and sedimentary rocks from the upper crust. Up-faulted blocks bordering the grabens are rocks of the metamorphic core complexes, which consist of metamorphic and granitic rock from deep in the crust that domed upward and became revealed at the earth's surface by erosion. At this stop, we are in a metamorphic core complex zone between the Republic graben and the Toroda graben. The rocks here are a combination of light-colored granitic rock and dark-colored metamorphic rock. The two rock types are so intimately interlayered and mixed together that this type of rock is called migmatite, which means, “mixed rock.” The metamorphic rock here is dark-colored schist formed mostly of black mica (biotite), recrystallized from mud and silt deposited on an ocean floor. The light-colored granitic rock, which varies from medium-grained granite to a white, coarse-grained type called pegmatite, formed from partial melting of the metamorphic rock. The granitic rock, especially the coarse white pegmatite, contains red garnets.

Stop 8: Granite and breccia – The parking pull-out is on the Bodie Mountain fault, the main fault along the east side of the Toroda graben. At the parking area, the fault is covered by eroded material. The outcrops of solid rock about 200 feet east of here are granite that was fractured and broken into smaller pieces due to movement along the Bodie Mountain fault. There are veins of epidote and chlorite, green minerals, in the fractured granite, along with some quartz veins. The quartz veins themselves are partly fractured and incorporated into the veins of broken rock and green minerals. As with Stop 2, these are characteristics of faulting in the shallow crust, where rock is brittle and tends to break into angular pieces. Just 10s of feet to the west of the parking area, the outcrop is a type of rock called a sedimentary breccia (pronounced brech-ee-uh). Sedimentary breccia is a type of sedimentary rock consisting of angular, sharp-cornered fragments that were eroded from rock nearby and carried by water or landslides, or both, to the base of a slope. Presumably, the slope in this case was the Bodie Mountain fault when it was actively uplifting during the Eocene epoch, around 50 million years ago. Look at the fragments of rock in the breccia and see if you can spot pieces of granite that were eroded from the other side of the fault.

Stop 9: Corkscrew Mountain – From the yard of a friendly and accommodating property owner on the south side of the highway along Toroda Creek, who has given us permission to (gently) use his driveway and yard for this stop, look up to the north to see Corkscrew Mountain protruding hundreds of feet above the side of the valley. This remarkable feature is said to consist of volcanic rock moderately rich in silica, a type of rock called dacite. About a mile south of here in the Toroda graben there are several dacite lava flows that erupted into the down-faulting Toroda graben during the Eocene epoch, around 50 million years ago. Corkscrew Mountain is interpreted as originating in a volcanic “pipe,” a conduit, through which magma moved upward to erupt as lava on the earth's surface. Somehow, the magma solidified and cooled within the volcanic conduit into the pattern that has been revealed and etched out by subsequent erosion. If you look with binoculars, you can see that between the narrow screw threads of Corkscrew Mountain, the wider slots have nearly horizontal columns. Such columns form by slow cooling of magma or lava, with the columns oriented at right angles to the cooler surfaces toward which the heat flowed. Verification of this explanation awaits further investigation.
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