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The Wind River Mountain Range consists of a NW-SE trending, doubly plunging anticline cored by Precambrian crystalline basement, which is composed mainly of Archean granitoids and gneisses and metamorphosed supracrustal rocks. Unconformably overlying the basement is a sequence of Paleozoic and Mesozoic sedimentary rock, many of which you already possess an intimate familiarity. The large scale antiform is asymmetric with a long, gently dipping northeast limb and a steeper, shorter southwest limb. Along the western flank of the range, the Archean basement is thrust over Cenozoic sediments in the Green River Basin along the Wind Thrust. This major fault has an average dip of 35o and a displacement of about 20 km.
Atlantic City is located in the south part of the Wind River Range in Freemont County, Wyo. The Atlantic City district is best known as a gold-mining district, but iron deposits of much greater economic potential were developed in the northwestern part of the district by US Steel Corp from 1962 to 1983.
This project focuses on the use of outcrop mapping in a complicated metamorphosed terrane with the use of Geopads and GPS. Because thick BIF's (Banded Iron Formations) are present, the compass is often not useful to determine azimuthal orientations. The mapping is complicated because of discontinuous, folded and faulted units, but is aided by the use of a magnetic data in covered areas. We depart Camp Davis first thing Tuesday morning, July 31, and will return to Camp Davis in the afternoon on Saturday, August 4. We will have office day on Sunday, but it is expected that you will start the project the first day at the campground and will work each evening, just like we have been doing at Camp Davis (sort of). We will set up camp Tuesday morning and then introduce you to an interesting part of the southern map area. The following day we will set you loose for the rest of the time. During the following days, you will be mapping with your partner on your own. The instructors will be roaming around and working with you. During the [image: image2.png]Sl
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project, you will use both a field proton magnetometer to measure the intensity of the magnetic field and a gravimeter, which will help you later on in interpreting the geology and structure of the region. On Saturday, we will pack up camp first thing in the morning, and then do some stops on the way to Farson for further gravity measurements and perhaps ice cream. 
PROJECT

The student is expected to map with Geopads to report an adequate number of dips and strikes, foliations and lineations, to map outcrop shapes and lithologies in the field, to use float judiciously in connecting outcrop lithologies, and to find reasonable structural interpretations in accord with the map and magnetic data. Each evening, upon return to the campground, the student will transfer all the previously data to a master acetate/map and construct a map and later on a cross-section consistent with structural and outcrop data. You will need to use “alluvium” judiciously, and to propose reasonable structural interpretations in accord with the geologic map and ground magnetometer data (used to infer the location of covered banded iron formation). Contacts and structures are to be dashed where inferred and drawn in solid lines where reasonably constrained. The boundary with the Cambrian Flathead Sandstone is to be mapped, but the Flathead should not be projected beyond its reasonable extent based on outcrops. Areas without any outcrop information or reasonable inference as to rock type may simply be left blank. Because of the highly variable thickness and continuity of many metamorphosed formations, do not over-extrapolate lithologies or maintain constant thicknesses of ductile units over too long a distance without any field evidence.

Regarding the observation of banded iron formation outcrops, keep in mind that a reasonably accurate measurement of any planar or linear feature is better than no measurement at the location. Get used to the approximate orientation of north in the mapping area. It is very easy to “turn and angle” with respect to north, or another conspicuous feature, to define approximate orientation of strike, or an azimuth of a fold axis. 
GRADING

The grading of the project will depend primarily on the quality of the final map and cross-section, as well as the extent to which you were able to cover the area, as shown by distribution of measurements across the map area. A stratigraphic column is to be constructed as well as proper formation names and ages. Other standard map practice is to be followed, including map formalities, faults, plunge of folds, correct symbols for overturned versus upright folds. Neatness and care in coloring and inking is important for communicating your results. The single most important part of the grade is related to consistency between field observations and office interpretations. Outcrop lithologies must be consistent with (inferred) structures, dips and strikes with (inferred) folds, and lineations with plunges of folds. 

MAPPABLE UNITS

QUATERNARY ALLUVIUM
QUATERNARY LANDSLIDE

TERTIARY

A very limited outcrop of sandstones is present in the mapping area. They are medium-grained and contain some fossils. Weathered surfaces are brownish. 
FLATHEAD SANDSTONE (Middle Cambrian)

Remarkably persistent formation of conglomerate, sandstone, and local quartzite that marks the base of the Paleozoic section throughout a large area in Wyoming and Montana. Lower beds can be arkosic.
METADIABASE AND METAGABBRO

(Greenstone)

Metamorphosed mafic dikes, probably gabbro originally, cut all of the Precambrian rock units of the area except the granite. They are sill-like and nearly concordant with the enclosing rocks at most places, but locally they cut sharply across the enclosing rocks. This mafic unit rocks are dark green to nearly black, and fine to coarse grained.

LOUIS LAKE BATHOLITH

It is the youngest igneous rock observed. The contact is commonly marked by a broad zone, up to 300 m, wide, in which schistose granite, inclusions of schist in sedimentary origin, and schistose metadiabase are interlayered. The granite is generally light colored, medium to coarse grained, massive and equigranular to somewhat porphyritic and gneissic. Radiometric ages of the plutonic rocks and associated pegmatites are about 2.7 billion years old.
UPPER SCHIST

This division lies above the main iron-formation. Close above the main iron-formation, the rocks are biotite or chlorite schist. Some of the schist beds contain garnet and are interlayered with thin beds of magnetite and metachert. Garnet crystals can be up to 2 mm in diameter, and stand out on the weathered cleavage surfaces of the schist, giving it a raspy feel. 

MAIN IRON FORMATION

The Main or Upper Iron Formation is chiefly dense, hard, laminated rock, composed principally of quartz, magnetite, and amphibole. The layers commonly range in thickness from less than 1 mm to more than 6 cm, but layers 1 mm to 1 cm are most common. Magnetite-rich layers alternate with quartz-rich layers, or rarely, jasper layers. 

 The rock is generally gray or black and is fine grained. The quartz layers, which presumably were originally chert, are fine-grained quartz mosaics with intergranular euhedral magnetite and amphibole; the magnetite layers consist primarily of aggregates anhedral magnetite grains, but also contain a few quartz grains, and amphibole euhedra.

 The amphiboles are of three kinds: a colorless or light yellow grunerite, Fe7Si8O22(OH)2; a green actinolite, Ca2(Mg,Fe)5Si8O22(OH)2; and a blue riebeckite, Na2Fe5Si8O22(OH)2. Although they generally are not directly visible in hard specimens, some rocks have a fibrous appearance with a brownish color due to grunerite, a greenish color due to actinolite, or a bluish cast due to riebeckite. Two amphiboles may coexist. The Iron Formation is a typical fine-grained taconite or silicated iron formation. It must be finely ground in order to liberate the iron ore. While workers do not consider the possibility of primary hematite, analyses of fresh rock show substantial Fe3+ and hematite must surely be present. This must reduce the efficiency of magnetic separation for ore beneficiation. Polished-section observations suggests that the hematite formed as a replacement of primary magnetite, presumably during retrograde metamorphism.

LOWER SCHIST
This unit includes a variety of schists, as well as two mappable members, a quartzite (q) and a thin iron formation (lif), the “lower” of the two in the area. The metasedimentary schist in the lower part of the division is interlayered, as concordant inclusions, in schistose and gneissic granite, with sill-like inclusions of metadiabase and metagabbro. The lower limit of the division will be arbitrarily set where muscovite disappears from the schists and gneisses. The schist above the granite, near the base and near the top of the quartzite unit, differs from the schist interlayered with granite in that it is apparently not feldspar-bearing. Commonly it contains biotite and muscovite, quartz, and sericite pseudomorphs after andalusite or cordierite. In most of this schist the biotite has been replaced by chlorite.

 The quartzite is 20 to 40 feet thick. Individual beds range from less than an inch to several feet in thickness. Commonly it is light colored, white to gray, but in some outcrops it appears to be pale bluish green because chromian muscovite (fuchsite) colors the bedding surfaces and forms thin schist layers between the quartzite layers. The quartzite is very fine grained to fine grained, totally recrystallized, and vitreous. It can locally be confused with massive bull (vein) quartz which can be distinguished by its milky character. 
 About 20 to 80 feet above the quartzite, the quartz-mica-andalusite schist grades into chlorite-ampohibole-magnetite-garnet schist that contains a few thin metachert layers. This unit in turn grades upward into the lower, banded chert-magnetite Iron Formation which is similar to the Main Iron Formation to be described below. 

 Quartz-mica schist, 20 to 100 feet thick, some of which contains sericitized andalusite, overlies the lower Iron Formation; this schist grades upward and is interlayered with chlorite-amphibole-magnetite-garnet schist that forms the basal part of the Main Iron Formation. Some of the quartz-mica schist is almost entirely chloritized; part of it contains green biotite and remnants of brown biotite, which indicates that biotite was probably the original metamorphic mineral in all the schist. In places the schists is dark gray and slightly carbonaceous. 
 Andalusite (Al2SiO5) occurs in the quartz-mica schist described above in peanut like forms, up to 1 cm long and 2 to 3 mm wide; it shows elongation parallel to axes of minor folds. Nearly all crystals are sericitized, and the sericite pseudomorphs contain concentrations of carbonaceous dust, but the dust does not show a zonal arrangement as in chiastolite. In some cases, X-ray analyses of these porphyroblasts has shown them to be cordierite ((Mg, Fe)2Al4Si5O18 • H2O) instead of andalusite. Both cordierite and andalusite are generally regarded a indicators of low-pressure metamorphism, i.e. less than 5 kb or 15 km burial. 
