Introduction

General Statement in 1956


The discovery of large amounts of beryl in the veins at the Boomer mine and its subsequent development as a beryllium mine has caused intensive prospecting in the Badger Flats area near the mine.  The unusual occurrence in this area of important mineable deposits of beryl in non-pegmatitic veins has attracted the attention of geologists and the impact of large production from an entirely new source has been of great interest to mineral economists and bureaucrats.  In the summer of 1958 active work was under way at two places and several others were being prepared for exploration.

Location and geography


The area is in Park County, Colorado, mainly in sections 21 and 22, T. 11S., R. 72W.  It is about eight miles northwest of the village of Lake George and 50 miles west of Colorado Springs (fig. 1).

---------------------

Figure 1.  Index map.

---------------------


The prospects are on a broad terrace, called Badger Flats, which are bounded on the west by a range of low mountains and on the northeast by Tappan and Thorpe gulches.  From the western boundary, at an altitude of 9000 feet, the terrace slopes about three miles northeastward to the side of Tappan and Thorpe gulches, where a marked steepening of the slope occurs at about 8400 feet altitude.  The eastern part of the terrace has been dissected, with the formation of narrow, steep-walled valleys, which broaden and flatten westward (fig. 2).


Granite, gneiss, and pegmatite form bold outcrops but the schists commonly do not, but are overlain by tan to dark gray loam or sandy loam.  The bottoms of most draws and gulches are underlain by tan to dark gray loam similar to that found on the intervening hills.  The soil in some draws is over eight feet thick, as shown in several trenches recently cut in the search for beryl.  The steep valleys along the eastern edge of the Badger Flats contain sand.  The accumulation of loam in the bottoms of the gulches results from the gentleness of rainfall in the area;  the surface runoff is insufficient to remove even the silts and clays from bottom-land.  The gulch south of the Boomer Mine, for example, is reported to have had running water once in the last three years.


The widespread mantle of soil and the inconspicuous character of beryllium minerals have seriously handicapped prospecting, but the lack of extensive movement of the soil facilitates geochemical prospecting by soil sampling.

Purpose and scope of present investigation


The district was visited several times in 1956 and 1957 by W. R. Griffitts.  In May 1958, a geologic map was made of a belt between the Boomer and J. and S. shafts by J. A. Redden and W. R. Griffitts of the U. S. Geological Survey and Dr. M. K. Roy Chowdhway, of the Geological Survey of India.  In September 1958 this map was completed and expanded by Griffitts.  Griffitts also mapped the workings at the Boomer, J. and S., and Blue Jay mines and, with Venkatesh of the Geological Survey of India, an adit at the Mary Lee prospect.


The geochemical survey was made by Griffitts and Venkatesh who took soil samples in an area of about eight square miles to determine the applicability of geochemical prospecting methods to this district and prepared a reconnaissance geologic map of the same area to aid in interpreting the geochemical data.


A major part of the present investigation was an experiment in geochemical prospecting because of the soil cover and the failure of the veins to crop out conspicuously.  Geochemical prospecting seemed promising because of the low background amount of beryllium in most rocks and soils—only a few parts per million—which would permit detection of a very small amount of extraneous metal.  It was thought therefore that the beryllium content in alluvium in small valleys would indicate the presence of beryllium deposits in the drainage basin upstream from the sampled locality.  No attempt was made to trace anomalous beryllium to its source, though one series of samples was taken at the Happy Thought mine to find out if this might be feasible.


The concentrations of many elements were determined by spectrographic methods, which permit the use of indirect indicators of beryllium.  Lead, zinc, copper, and silver, for example, are in the beryl-bearing veins, though generally not in the beryl-rich parts.  Therefore, any anomalous concentrations of those elements may lead to favorable areas.  The metals are reported as parts per million of elements, not of oxides:  to convert parts per million of beryllium to parts per million of BeO, multiply by 2.8.  To convert parts per million to percent, divide by 10,000.  Thus 100 ppm becomes 0.01 percent, 1000 ppm becomes 0.1 percent, 10,000 ppm becomes 1 percent, etc.


The soil samples were analyzed in the field by means of a mobile spectrographic laboratory by U. Oda, and E. F. Cooley.  Willard W. Janes ably assisted in collection and preparation of samples and in both surface and underground mapping.


Without exception, the operators of the mines were most cooperative.  We especially wish to acknowledge the cooperation received from Mr. T. C. Nelson of the Boomer Mine, Bill Claiborn, Bill Young, and others of the J. and S. Mine, Don Peaker and Harlan Foresyth of the Mile High Oil Company, Ed Douglas of the Happy Thought and Tennessee No. 1 mines, and R. W. Beal and Roy Monnett of the Mary Lee and adjoining prospects.  Many others interested in the mineral deposits of the area aided by volunteering information and in other ways.


This preliminary report, based upon reconnaissance studies, was prepared because of the intense economic and geologic interest in the area.  A detailed study of the geology of the district and of the mineral deposits is under way.

Geology

General statement


The Badger Flats mining area is underlain by metamorphic rocks of Precambrian age and is at the western edge of the Pikes Peak batholith.  Bests of schist and of several different gneisses trend northeastward through the area and several apparently are truncated by the edges of the batholith (figure 2).
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Figure 2.  Geologic map of the Badger Flats area.

---------------------

Stocks of a fine-grained granite that is slightly younger than the Pikes Peak granite intrude the metamorphic rocks.  Beryl-bearing veins are found in the metamorphic rocks within three miles of the Pikes Peak granite.  Unzoned pegmatite dikes are plentiful throughout the areas underlain by metamorphic rock:  zoned dikes are rare in the Badger Flats but are conspicuous in both Pikes Peak granite and metamorphic rock near Lake George and in metamorphic rock din the mountains west of the Badger Flats.


Tuffaceous lacustrine sedimentary rocks and rhyolite of Oligocene age are in the Florissant basin a few miles southeast of the Badger Flats (figure 2) but only the rhyolite has been found so far on the Badger Flats proper.


The Pikes Peak granite and most other rocks in the region are crossed by many lineaments, or long, straight and narrow valleys that appear to be structurally controlled.  Many of the lineaments are known to be faults of Laramide or younger age, others are of uncertain nature.  The Florissant lake beds, of Oligocene age, occupy synclinal basisn and are cut by many faults.  One such synclinal basin trends northwest through the village of Lake George along the line of a lineament which crosses the beryl mining area near the Boomer mine.  Faults near the lineament that cut beryl veins may thus be related to those that cut the Florissant Lake beds.


The rocks in the Badger Flats area were divided, for purposes of reconnaissance mapping, into:
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The relative ages of the Precambrian rocks are imperfectly known.  The amphibolites are presumably of the same general age as the mica schists with which they are interlayered.  The schists were intruded by the granitic gneiss, which is therefore younger, but the relative ages of the granitic gneiss and biotite gneiss are unknown.  Parts of the fine-grained syntectonic granite and gneiss unit are much less deformed than the other metamorphic rocks and may therefore be younger.  Unzoned pegmatite dikes cut all the Precambrian rocks except the Pikes Peak granite and the fine-grained post-tectonic granite, hence are younger than the metamorphic rocks and probably are older than the Pikes Peak granite.  Zoned pegmatites in the Pikes Peak granite obviously are younger than the granite.  The fine-grained post-tectonic granite cuts Pikes Peak granite south and east of the Badger Flats, hence is one of the youngest rocks of Precambrian age.


Spectrographic analyses of most of the common rocks in the district indicate their minor element compositions (Table 1).  These must be known to determine readily whether geochemical anomalies in the soil reflect variations in rock type.  One notable feature is the high yttrium content of the fine-grained post-tectonic granite.

Rocks of Precambrian age


The mica schist underlies the northwest part of the map area.  It is a readily cleaved rock that is composed mainly of quartz, biotite and muscovite and minor amounts of feldspar in grains smaller than one eighth inch;  sillimanite is a local constitutent.  The two micas, of which biotite is generally more abundant, generally make up less than a third of the rock, though in a few places they make up most of it.  Sillimanite was found in the southern part of the area (on and near Round Mountain) and near the Pikes Peak granite in the northeastern part of the area mapped.  Near Round Mountain the schists are somewhat coarser than usual, contain more muscovite, and contain sillimanite in thin layers that persist along strike for distances of several inches to several feet.  Near the Pikes Peak granite sillimanite forms nodules about half an inch to an inch in length.


Linear structures in the schists generally are elongate aggregates of biotite flakes or gentle undulations or grooves on foliation planes.

Rocks of Tertiary age


Florissant lake beds.  The Florissant lake becs numbered from base to top are reported by MacGinitie (1953) to consist of:
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Rhyolitic tuff
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1.
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The lake-deposits (unit 3) and the andesitic tuffs (unit 2) contain abundant plant and insect fossils that are of Lower and Middle Oligocene age (MacGinitie, 1953, p. 4).  The shales are tuffaceous, containing many fragments of quartz, sanidine, microcline, biotite, hornblende, andesine, and glass.


Few of these units have been found in the Badger Flats so far.  The close topographic similarity between the Flats and the Florissant basin, the presence of rhyolite tuff on the Flats, and the position of the Flats on the apparent structural extension of the basin suggest that the Badger Flats may have been a basin in Oligocene time and may even have been covered by Florissant lake beds that have since been eroded.  It may, however, have been an upper basin that drained into the lower basin east of Lake George and that was swept clean of most debris during Oligocene volcanism and sedimentation.

Rhyolite tuff


A rhyolitic welded tuff, probably correlated with unit 4 above, was found in five masses in the Badger Flats area:  These masses range from ten feet to several hundred feet in length.  Float blocks of chalcedony are rather common near them, especially near the bases.  The tuff is porphyritic;  phenocrysts of biotite and sanidine, comprising about one third of the rock, are in a gray to buff, glassy to aphanitic groundmass.  The glassy sanidine crystals, as much as one-quarter inch across, are more abundant than biotite flakes that are about a tenth of an inch across.  In a few places the tuff has a poor, nearly horizontal cleavage, though more commonly it is structureless.


The lower surfaces of several of the masses are below the level of the surrounding metamorphic rocks.  Either the masses are remnants of original beds that were deposited in topographic depressions or they were faulted down to their present positions.  Faulting appears more likely than deposition in closed basins, as closed basins are uncommon features of normal erosion surfaces.

Structural geology


The structures in the Badger Flats area include linear and planar structures in the schists and gneisses, fractures of Precambrian age, and fractures of Tertiary age.


The most widespread structures in the district are the folia in the mica schist gneiss, and syntectonic granite.  The long directions of mica flakes and hornblende needles generally lies in planes that are parallel to the compositional layering.  The foliation and layers of rock large enough to be mapped trend northeast in the southern and southeastern parts of the Badger Flats and they bend abruptly to the northwest near the Boomer mine (figures 2 and  ).


The foliated rocks commonly also contain linear structures, which include elongated aggregates of mineral grains, grooves on cleavage surfaces, and small folds.  The grooves and elongated aggregates of mineral grains are parallel to one another and are widespread.  The small folds are younger, as grooved cleavage surfaces wrap around them.  They are an inch to several feet across and are most common in areas that contain many pegmatite dikes.  Pegmatite forms lenses or other conformable masses in the centers of some folds.  Both the older linear structures and the small folds plunge northernly, but they are generally not parallel to one another.


Some, perhaps most, of the pegmatite dikes are along fractures that cut the gneisses and schist.  Other fractures of Precambrian age are now represented by beryl-bearing veins.  These are discussed in the section on structural control of ore deposition.


The beryl veins in the J. and S. and Boomer mines are cut by unhealed fractures and layers of yellowish gouge as thick as six inches.  These are particularly prominent in schists and in amphibolite, which commonly has been softened for several feet alongside the fractures.  One fracture changed in character from a well-defined layer of gouge to a broad ill-defined zone of fractured rock as it passed from schist into pegmatite.  Some of these fractures are faults, as they offset beryl veins.


The young fractures are particularly well developed near the J. and S. mine, which lies almost on the lineament that represents the northwestern extension of the Florissant Basin.  They may therefore be similar in age to the faults that cut the Florissant lake beds and are therefore no older than middle Oligocene.


The general configuration of the Badger Flats is similar to that of the Florissant Basin.  It may therefore represent a structurally depressed area, either faulted or folded down to form along basin in pre-Oligocene or early Oligocene time.

Geologic history


The earliest recognizable event in the geologic history of the area was the deposition of sediments, which included rare sand beds – now represented by quartzites that are mainly outside of the Badger Flats area-, moderately common beds of dolomitic shales, abundant and shales or clayey sandstone.  These were metamorphosed to form the schists, amphibolite, and some of the gneisses.  During the period of metamorphism the rocks were strongly folded and intruded by magmas of quartz monzonitic or granitic composition.  The final event in this period of deformation was the emplacement of pegmatite.  No event has been recognized to be later than this pegmatite emplacement and earlier than the intrusion of the Pikes Peak granite, a fine-grained granite formed dikes and small stocks in the Pike Peak granite and in the metamorphic rocks.  Other late-stage products were the formation of coarse-grained, well zoned pegmatite dikes, and an assemblage of hydrothermal deposits-clift deposits of crystals of topaz, fluorite, phenacite, etc., in the Pikes Peak granite, and the beryllium-bearing veins of the Badger Flats area.


Little deformation accompanied the emplacement of the Pikes Peak granite, though the presence of sillimanite in the schist near it indicates localized high-grade metamorphism.  A period of fracturing intervened between the emplacement of the fine-grained granite and the beryllium mineralization.


The fractures of this period were mineralized to form the veins.  Moderate crustal unrest has been inferred from a study of rocks of Paleozoic and Mesozoic age in neighboring areas, but the next event recognized in or near the Badger Flats was the depression of basins, in early Tertiary time, in which were deposited the Florissant lake beds and rhyolite of early and middle Oligocene age.  The Badger Flats received rhyolite and may once have had a cover of lake beds, but if so they are eroded prior to the formation of the rhyolite.  Faulting followed the Oligocene sedimentation.  Little seems to have happened subsequently.

ORE DEPOSITS

General Description, and distribution


Three mineralogic types of beryl deposits in the Badger Flats area are:  1.  Quartz-rich veins containing, in approximate decreasing order of abundance, quartz, topaz, beryl, wolframite, fluorite, and cassiterite;  2.  beryl-quartz veins with only moderate amounts of quartz and with accessory bertrandite, fluorite, mica, galena, and very rare wolframite and;  3.  beryl-biotite veins with accessory bertrandite.  These grade into beryl-quartz veins.  The quartz-rich veins are in the eastern part of the district and are more persistent than the other veins but the beryl content is lower.  Veins of the second type found mainly in the western part of the district are thicker than veins of the other types and have yielded most of the beryl.  The third type of vein is also mainly in the western part of the district;  has also yielded beryl, but in smaller amounts.  Wall rocks are altered to greisen near veins of the first two types and to biotite near veins of the third type.

Quartz-muscovite


Greisen forms masses a few inches to at least twenty feet across near quartz-beryl veins at some distance from the veins.  Galena, topaz, and zinc and copper minerals are accessory minerals that locally are abundant.


Clifts in Pikes Peak granite contain the beryllium mineral phenacite, but not beryl, and skarn in some layers of lime-silicate rock contain scheelite and small amounts of metals.  These are not regarded as beryllium deposits but may be genetically related to the beryl deposits.


The western mining area in which are found most of the known beryl-quartz veins and beryl-biotite veins, is shown on figure   .

---------------------

Figure   .  Geologic map of the western mining area on Badger Flats, Park County, Colorado.

---------------------

The northern end of a large mass of granitic gneiss is shown on that figure, as well as on figure 2, to pass through the strongly mineralized area.  The rather abrupt shift in trends of foliation at the north end of the mass of gneiss is also evident.  Pegmatite dikes are unusually abundant here, as well as in other places in which the attitude of metamorphic rocks changes abruptly or is erratic.


Most of the beryl-bearing veins in this western mining area are near boundaries between the schist and more massive rocks-granite, granitic gneiss, or amphibolite.  Here, as elsewhere, greisen is less widespread in schist than in other rocks.  The largest masses on the surface as well as underground are in the stock of granite at the Boomer mine.  Smaller veins of greisen are shown in granitic gneiss and aplite at the southern edge of figure 14 and were also found in pegmatite both south and southeast of the area portrayed on that figure.


The geology of the eastern area, along the dissected edge of the Badger Flats, differs markedly from that of the western area.  The range in rock-types is much less, most rocks being of granitic or quartz monzonitc composition and ranging in texture from nearly massive to strongly gneissic.  The trends are northeasterly and are rather consistent.  The veins are parallel to one another, and contain a larger proportion of quartz and probably a greater variety of minerals than those to the west.


The clefts in granite are still farther east mainly outside of the Tarryal Quadrangle and differ both mineralogically structurally from the other veins, skarn is associated with amphibolite, which is almost entirely restricted to the mica schists that are on the Badger Flats. The skarn deposits appear to be most common south of the area represented by figure 2.


Spectrographic analyses of most types of mineralized rocks indicate the approximate nature of metallization (Table 1).  This was particularly desired because the fine grain size of the sulfide ores and of the greisens did not permit ready identification of the minerals in the field.

Quartz rich veins.—The quartz-rich veins are found in the eastern part of the district and have been best exposed at the Mary Lee prospect.  The veins are more persistent than those of other types:  that at the Mary Lee has been exposed intermittently for at least 1500 feet.  Quartz is a major component of the vein along most of its length, although other minerals are abundant in shoots in which they locally exceed quartz in bulk.  Topaz and wolframite shoots that are reported to plunge steeply to the northeast.  These minerals may form columnar masses that cross the vein about at right angles to the walls.  Other shoots contain beryl as the dominant component, but they have not yet been sufficiently opened to determine whether they plunge steeply northeastward parallel to the wolframite and topaz shoots.  Little evidence was found of strong wall rock alteration alongside shoots of either beryl or wolframite ore, although coarse biotite that presumably replaced the feldspathic gneiss wall rock is alongside the vein at one beryl shoot.  And some galena-bearing greisen-like aggregates of quartz and muscovite formed at least partly by replacement of gneiss.  The galena formed after the mica as it penetrates mica books along the cleavage planes.

Beryl-quartz veins.—Beryl quartz veins with beryl at least equal in amount to the quartz have been by far the most important source of beryl ore.  They are moderately persistent, having been followed for as much as one hundred feet.  Individual veins from less than an inch thick or as much as 7 feet thick.  Some are simple veins composed of solid beryl, beryl and quartz, or quartz, and others are complex zones of interlayered schist and vein beryl.


Most of the beryl in veins of this type was deposited with only a moderate amount of replacement of the walls.  A few beryl crystals are embedded in greisen and must have been deposited by replacement.  Locally replacement was important as a modal analysis of a granitic-textured rock collected on strike from a beryl vein on the 50-foot level of the Boomer mine showed over 60 percent beryl.  Beryl also replace schist for a distance of two feet into the footwall of a beryl vein-zone that was about two feet thick on the 70-foot level of the Boomer mine;  the hanging wall was replaced to a smaller distance from the vein.  The vein zone consisted of many veins of beryl separated by thin seams of schist or merely by partings.  A thin section of the replaced schist shows that quartz has been almost entirely removed and that biotite has been altered to muscovite, with segregations of iron in some minerals, perhaps manganian siderite, now represented by goethite.  The spectrographic analyses (table 1) show the partly replaced schist on the 70-foot level to contain unusually small concentrations of titanium, and unusually high concentrations of tin, scandium, manganese, lanthanum, zinc, and yttrium, which presumably were introduced with the beryllium.


Greisen alteration is very strong near some veins of this type, and wall-rock alteration is far more extensive than the alteration associated with veins of other types.

Beryl-biotite veins.—Beryl-biotite veins grading into beryl-quartz veins are being explored from the J. and S., Blue Jay, and Tennessee No. 1 shafts.  They have yielded beryl but have, as yet, not been as productive as the beryl-quartz veins described above.


The most distinctive feature of these veins is the layers of biotite, in moderately coarse flakes, that are alongside the veins in most places.  The biotite layers are far more persistent than the quartz-beryl veins, and may provide good guides to them.  Beryl is imbedded in mica in many places, generally as clusters of crystals, not as isolated crystals.  The persistence of the veins is not well know, because they have been explored most in areas in which faulting has been strong.  At the J. and S. mine several parallel veins may define a vein-zone, even though individual veins may not extend far along strike.


The beryl content may be 75 percent or more in the rich shoots, but elsewhere it may drop to nothing.  Accessory minerals are not common, mica and bertrandite are most widespread.  The spectrographic analyses (table 1) show that lead, zinc, and tin are abnormally abundant indicating that galena, sphalerite, and cassiterite may be minor constituents of the ore.  Lanthanum, yttrium, and scandium contents are high in some samples, especially those rich in beryllium.

Crystal clefts in granite.—The crystal-bearing clefts, or cavities, in Pikes Peak granite in the Tarryall Range (figure 1) were not studied but have a probable relation to the beryllium-bearing veins in the Badger Flats area.  The clefts have yielded crystals of topaz, quartz and feldspar since 1864 and crystals of phenacite since 1884 (Cross and Hillebrand, 1885).  The cavities have been found as far south as the Crystal Peak area, 2 miles north of Florissant, and as far north as 3 miles north of Tarryall.  No detailed description of the deposits seems to have been published, but in general a central opening is said to be lined with crystals of microcline upon which are crystals of quartz, smoky quartz, amethyst, radiating clusters of albite crystals, muscovite, biotite, topaz, fluorite, siderite, cassiterite, columbite, phenacite, goethite, and hematite.  Apparently smoky quartz, microcline, topaz, and fluorite are the most common and most widespread minerals (Pearl, 1951) and phenacite is restricted to the southwestern part of the area (Smith, 1887;  Pearl, 1951).  The cavities are a few inches across to 15x15x6 feet in size.  Apparently they lie in thick “swells” in thin quartz veins (Pearl, 1951).

Skarn deposits


Skarn deposits of tungsten are found in some layers of lime-silicate rock.  As was indicated in the description of lime-silicate rock, they contain hornblende, garnet, zoisite, vesuvianite, diopside, quartz, and scheelite.  Spectrographic analyses (table 2) show that metals added, other than tungsten, were bismuth, tin, silver, molybdenum, and beryllium;  the lead content of the skarn is so low as to suggest that none was added during mineralization.  The metals added to the skarn deposits are much like those added to the vein at the Mary Lee prospects, suggesting that solutions related to those formed the wolframite-rich veoms entered calcareous layers in the metamorphic rocks and deposited their metals.


Wolframite (Fe, Mn) WO4 is abundant in the veins at the Mary Lee prospect where it forms crystals that range in size from .05 x .15 inch to 1 x 4 inches, or perhaps even larger.  Many are moderately well formed crystals ½ inch to 3 inches in length.  The mineral is very dark brown, which suggested a high iron content.  This was confirmed in our laboratory by C. E. Thompson who found 15.6 percent FeO and 6.5 percent MnO in a sample of coarse-grained wolframite that was associated with topaz and quartz.  This corresponds to a ferberite/huebnerite molecular ratio of about 2.4.


Wolframite forms many tiny blades, no longer than 0.05 inch in a porous topaz greisen at the Boomer mine.  Only one wolframite-bearing specimen was found, which contains less than an ounce of the mineral, a larger specimen of wolframite, weighing several ounces is reported to have been found on the 70-foot level of the Boomer mine.


Cassiterite (SnO2) has been found only at the Mary Lee prospect.  It forms dark brown crystals up to 1/8 inch in length in cavities in quartz.  Except where attached to the cavity wall, the faces of the crystal are well formed.  Tin was consistently found in samples of greisen (table  ) and of vein materials reaching concentrations of 100 parts per million, and was not found in many other rock samples.  Obviously, tin was extensively introduced during mineralization and probably is present as cassiterite in many places.


Cassiterite has also been found in the crystal cavities in Pikes Peak granite in the Tarryall Range a few miles east of the Badger Flats (Pearl, 1951).


Siderite (FeCO3) is a major constituent of a siderite-beryl vein specimen from the Tennessee No. 1 mine.  The brown siderite is part of a single grain and measures a little more than an inch across the cleavage surface.  The mineral is weathered to a dark brown “limonite.”  Beryl crystals about one eighth inch across are imbedded in the siderite and its oxidation product.  Colorless, white, or green beryl is found at the Boomer mine imbedded in dark brown to black mixtures of iron and manganese oxides.  The oxide masses have porous layers in a rhobohedral arrangement, demonstrating that they are oxidation products of a rhobohedral carbonate mineral.  The oxidized siderite-beryl rock was found in lenses up to two inches thick and in loose pieces that came from veins at least four inches across.  Some of the best specimens of well-formed beryl crystals have come from oxidized siderite-beryl pockets.


Galena is a widespread mineral in the district but it is not abundant in the veins.  It contains a small amount of silver and was the ore sought by the silver miners when the district was first opened.  It is present in quartz-muscovite greisen on the Boomer, Happy Thought, and mary Lee properties.  In greisen it forms grains up to an eighth inch across and rather uncommon grains up to 2/3 inch across.  Lead-rich samples are rather rich in both copper and zinc (see table 1) which suggests that galena is associated with chalcopyrite and sphalerite.  In the Boomer mine galena is found in veins as well as in the greisen.  At the northeast end of the 70-foot level an oxidized vein contains more than one percent Pb, with 0.3 to 0.7 percent Zn and 0.2 to 0.7 percent Cu.  On the 50-foot level galena crystals up to one inch across were found between crystals of beryl.  Galena is interstitial to beryl and lies along cleavage planes of muscovite and topaz, hence is younger than those minerals.  Small amounts of bismuth were found in some lead-rich samples.  It is likely that most or all of this is in galena, which is reported to incorporate as much as one percent Bi and to contain more Bi than associated common sulfides (Oftidal, 1941).


Fluorite (CaF2) is common in the ore at the Boomer mine and has also been found at the Happy Thought and Blue Jay shafts and in a pit near the Mary Lee prospect.  Most of the fluorite at the Happy Thought mine and that which is interstitial to beryl at the Boomer mine is purple.  Fluorite at the Boomer mine not associated with beryl may be pale green or colorless.  The mineral occurs imbedded in aggregates of quartz, beryl, topaz, and other minerals and rarely has crystal faces.  Fluorite forms cubic crystals in a vug with quartz crystals in a quartz vein near the Mary Lee prospect.  Similar crystals and crystals with both cube and octahedron faces have been found in the crystal cavities in the Tarryall Range to the east (Cross and Hillebrand, 1887, Pearl, 1951).


Topaz (Al2F2SiO4) is one of the most widely distributed minerals in the deposits on Badger Flats.  It forms masses of porous quartz-topaz greisen several feet across imbedded in larger masses of quartz-muscovite greisen at the Boomer and Happy Thought mines and is in quartz veins with wolframite at and near the Mary Lee prospect.  The grains in greisen are commonly one sixteenth to one eighth inch across.  Crystal faces are rare except in cavities in the greisen.  The grains in quartz veins may reach lengths of two inches and tend to be oriented at right angles to the vein walls.


Topaz is reported to be closely associated with phenacite in clefts in Pikes Peak granite at and northwest of Crystal Peak (Smith, 1885, Pearl, 1951).  It seems there to be attached mainly to green microcline and to be oriented with the c-axes of topaz crystals parallel to the c-axis of the microcline.


The topaz is translucent and white to gray where not stained by iron oxides.  It is readily identified by its hardness—equal to or greater than quartz, its excellent cleavage in one direction, and where it is a major component of the rock, by the high specific gravity.


Quartz (SiO2) is the most widespread mineral in the veins and greisens of the district.  It is the dominant mineral in most parts of the veins at the Mary Lee prospect and is present in abundance in the veins at the Boomer mine, though probably subordinant in amount to beryl.  Quartz is apparently still less abundant in the beryl veins in coarse biotite envelopes at the J. and S., Blue Jay, and Tennessee No. 1 shafts.


Quartz is a major constituent of the quartz-muscovite and quartz-topaz greisens but is only a minor constituent of rather uncommon greisens consisting nearly entirely of topaz, mica, or topaz and mica.


Well formed crystals are not common.  Some are found in vugs in the Boomer mine, where they are coated by coarse dark muscovite and greenish yellow sericite.  Quartz in the veins at this mine is light gray to white, rarely smoky, and is in grains 1 to 4 inches across.


Potash feldspar and plagioclase are, of course, dominant components of the pegmatites and granites.  Both were altered to quartz and muscovite near many beryl veins, hence they are absent from most beryl ores.  At the Happy Thought mine gray microcline was converted to a red microcline near masses of fluorite and yellowish secondary muscovite.  In one trench on the J. and S. property similar red feldspar is enclosed in beryl and beryl forms irregular masses in the feldspar.  Albite was found with prisms of beryl in a specimen from the Blue Jay shaft.


Microcline crystals are associated with albite, topaz, fluorite, quartz, and phenacite in the cavities in the Pikes Peak granite (Pearl, 1951).


Two minerals, pyrite and bismuthinite, are notable for their sparseness.  Pyrite (FeS2) is very rare, having been seen only in a few tiny crystals reported to have come from the Boomer mine.  The scarcity of pyrite reflects the small amount of iron in the mineralizing solutions and the absence of sulfide ion from the solution during the early stages of mineralization when small amounts of iron were precipitated as biotite, wolframite, and siderite.  Bismuthinite (Bi2S3) or some other bismuth mineral is generally present in veins containing beryl, wolframite, and fluorite in other districts but none has been found in the Badger Flats area, and the small amounts of bismuth were found spectrographically, and these may well be in galena.  This scarcity of bismuth probably a provincial feature as bismuth minerals are rare or absent from the crystal-bearing clefts and from mineralogically complex pegmatites related to the Pikes Peak granite.


One piece of arsenopyrite (FeAsS) from the Boomer mine was obtained from the operator.  It is about an inch across and is attached to a small piece of white quartz.  The mode of occurrence is not known.


Copper minerals are not common in the ores.  Malachite stains greisen and beryl in several places in the Boomer mine but it is not very common.  Chalcopyrite and bornite have been reported to be present in small amounts at that mine and black sooty material coating galena and sphalerite is assumed to be sooty chalcocite.


Several rare earth minerals are abundant in some pegmatites related to the Pikes Peak granite (Glass, Rose, and Over, 1958) and allanite is widespread in the granite itself, but no rare earth minerals have yet been identified in the beryllium ores.


Apatite [(Ca5F(PO4)3] forms yellowish hexagonal prisms as long as ½ inch and as thick as 1/8 inch in muscovite-rich greisen alongside two veins south and southeast of the Mary Lee prospect.  It resembles beryl but is much softer, being easily scratched with a knife.  The mineral probably is not particularly rich in rare earths inasmuch as the greisen that includes it is not particularly rich.

Structural control of ore deposits


The competency of the wall rock seems to determine the length and regularity of attitude of the veins.  The most persistent and straightest veins are those in fine-grained granite and gneiss in the eastern part of the district.  Veins parallel to the layers in the schist seem to be rather uniform in attitude but may not persist more than a few tens of yards.  Veins crossing the layering of the schist, hence crossing rocks of different competency, tend to be curved.  Vein intersections were loci of ore shoots in the Boomer, J. and S. and Blue Jay mines.


Several sets of fractures were mineralized.  Veins that trend about N. 70o E., are present in the Boomer mine and in a pit near the J. and S. western shaft;  veins trending N. 30 – 40o W. are present in the Boomer mine and in a pit west of the Champel shaft.  Several veins in and near the western J. and S. shaft trend nearly east-west and several in the Blue Jay workings trend nearly north-south.  The tungsten veins in the eastern part of the district strike northeast.


The apparent brittleness of the rocks that permitted such fracturing indicates that they were not especially hot or otherwise in an environment that would induce plasticity.  Presumably a moderately long time interval must have elapsed between the earlier plutonic metamorphism, the somewhat later emplacement of the Pikes Peak granite and the vein formation to allow the dissipation of the heat that presumably accompanied both incidents.

Paragenesis


A sulfide-free stage of mineralization and a sulfide stage can be recognized at or near the Boomer mine, the Happy Thought mine and the Mary Lee prospect.  Beryl, biotite, siderite, wolframite, quartz, topaz, fluorite and probably bertrandite formed during the sulfide-free stage and galena, quartz, muscovite, probably sphalerite, chalcopyrite, and fluorite formed during the sulfide stage.  Much bertrandite formed late in the second stage or possibly in an otherwise unrecognized third stage.  The consistent association of galena or lead with greisen strongly suggests that lead was introduced and greisen formed during by the same stage of mineralization.


At the J. and S. mine, the Tennessee No. 1 mine, and in the southern part of the Boomer mine-where greisen alteration is weak-secondary biotite has replaced the schist walls of beryl veins and at the Boomer and Tennessee No. 1, siderite was deposited with the beryl.  Neither siderite nor biotitic veins walls were found in areas of strong greisen alteration, though muscovite-rich selvages along some beryl veins in greisen might represent biotite-rich zones later altered to aggregates muscovite and quartz with a higher mica content than greisen formed from granite or from schist with lower biotite content.  No evidence was found of the deposition of biotite after the greisen alteration.  Wherever galena and beryl were found together the galena was younger.  It appears most likely that the sulfide-stage of mineralization, including the greisen alteration, was later than the sulfide-free mineralization.  The same vein fissures controlled both stages of mineralization at the Boomer mine and Mary Lee prospects, and in a general way lead and beryllium are in the same parts of the Badger Flats.  This suggests, but does not prove, that the two stages of mineralization are of similar age and presumably are related to one another.


All minerals were not deposited simultaneously during each stage of mineralization.  During the first stage, beryl crystallized against the walls of some veins in the eastern part of the district and quartz, with or without beryl filled the vein interiors.  Wolframite and topaz are in shoots in the quartz and probably are younger than beryl, but the minerals were found together in too few places to demonstrate age relations.  Cassiterite and fluorite crystals are in vugs in the veins and are very young.  During the second stage of mineralization galena was deposited along cleavage cracks in muscovite and therefore must be younger.  Galena also filled interspaces between crystals of beryl belonging to the first stage of mineralization.


A late-stage sericitization affected beryl in the quartz-poor veins in the western part of the district.  This was preceded by development of coats of coarser, dark muscovite about crystals of beryl, quartz and fluorite.  These coarse flakes may have been contemporaneous with flakes of similar mica in greisen.  This suggests that the sericitization was later than the greisen alteration.  Bertrandite, as well as sericite, resulted from the alteration of beryl.


The paragenetic sequence is diagrammed in figure   .

---------------------

Figure  .—Sequence of mineral formation.

---------------------

Origin of the mineral deposits


The crystal-bearing clefts are restricted entirely to the Pikes Peak granite, and are found in widely separated areas in the batholith.  Well zoned pegmatites containing fluorite and rare earth minerals are also closely associated with the Pikes Peak granite.  The granite itself contains fluorite and rare-earth minerals.  The pegmatites are thought to be normal silicate-rich residual products of the crystallization of the granite, and the clefts are thought to have formed from less siliceous, presumably hydrous, products of the magma.


In fluoride-rich water solutions beryllium can be separated from aluminum by the formation of the stable, udissociated BeF42- ion before aluminum is precipitated (Walton, 1952).  This would explain the association of minerals in the clefts, inasmuch as the beryllium could be kept inactive while aluminum was largely stripped from the solutions by precipitation of microcline, albite, and topaz, then, as the BeF42- complex broke down, perhaps because of the removal of F- from the solution in topaz, the beryllium combined with silica to form phenacite, crystals of which formed later than, and lie upon crystals of aluminosilicates in the clefts.  The solutions containing fluoberyllates and probably also compounds of fluorie and silicon need not have been completely confined to the batholith.  It is thought that they escaped into the metamorphic rocks in the Badger Flats area, where they deposited quartz, beryl, and bertrandite in fissures and deposited beryl in rocks by replacement of feldspar, possibly by the reaction:


Solution
Orthoclase  Quartz
Beryl
   Solution  .

3Na2BeF4 + 2KalSi3O8 + SiO2 ▬▬ Be3Al2Si6O18 + 2KF + 6NaF + SiF4
If quartz were not available, fluorine would combine with water to give an hydrofluoric acid solution.  Reaction between the moving solutions and the wall rocks could introduce aluminum into the solution, permitting beryl to crystallize as a fissure filling.  The deposition of siderite from the early mineralizing solutions suggests that they were nearly neutral or somewhat alkaline.  Wyart and Scavnicar (1957) found, during hydrothermal synthesis of beryl that an 0.06 normal solution of NaHCO3 gave albite as the first crystals, not beryl.  Probably we can infer from this that the mineralizaing solutions in the Badger Flats area contained relatively small amounts of sodium since albite is rare and probably were not strongly alkaline, hence they were nearly neutral.


The composition of the mineralizing solutions must have changed before the second stage of mineralization.  The content of beryllium was much lower and contents of lead, zinc, and copper were higher.  The alteration of feldspar to quartz and mica during formation of greisen might be attributed to the effect of hot carbonate solutions, which Norton (1937) found to convert feldspar to mica at temperatures near 300o C.
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