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INTRODUCTION 

The Raton-Clayton volcanic field in northeastern New Mexico represents the eastern most 

region of Cenozoic volcanism within the United States. It has been active over a period of 8 m.y. 

and has been associated with the tectonic and volcanic activity of the Rio Grande Rift. Sierra 

Grande, the largest volcano in the Raton-Clayton field, has been descnbed previously as the only 

andesitic feature within a volcanic field of primarily alkali olivine basalts and mafic feldspathoidal 

lavas. The volcano is approximately 1.9 Ma and is located near the center of the Raton-Clayton field. 

A representative portion of the volcano has been mapped and descnbed in detail. Mapping 

was based on the textural characteristics of eleven identifiable units (seven major units and four 

subunits). Field observation has revealed that Sierra Grande is composed of a sequence of basaltic 

andesites followed by andesites and a remnant andesitic and pyroclastic summit that may obscure a 

central crater. The volcano has also been intruded by andesitic dikes. Two cinder vents were found 

on the volcano and three cinder cones were identified along the perimeter. Two of the cones have 

been intruded by basaltic dikes. The peripheral volcanics are unrelated, spatially and temporally, with 

the formation of Sierra Grande. 

A comparison of phenocryst compositions between the lavas of Sierra Grande and the 

surroundingvolcanics of the Raton-Clayton field indicate that: the volcano contains basaltic andesites 

with olivine phenocrysts that are more Mg-rich, an andesite with both augite and enstatite 

phenocrysts, and basaltic andesites and andesites with plagioclase phenocrysts and ground mass 

microlites that are relatively more Ca-rich. Petrographic and microprobe analyses indicate that Sierra 

Grande'S lavas are calc-alkaline and are transitional; modally the andesitic lavas are equivalent to 

anorogenic volcanics while the composition of the minerals suggest an orogenic origin. 

The mineral compositions of the lavas of Sierra Grande indicate that the magma experienced 

some differentiation to produce the successive lithologic/flow units. Stratigraphic trends of Mg 

depletion and Ca depletion is evident in the olivine and pyroxene phenocrysts, and plagioclase 
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phenocrysts respectively. Therefore, Sierra Grande was produced by differentiation of a magma 

derived by the partial melting of the upper mantle during a late extensional faulting episode of the 

Rio Grande rifL The peripheral volcanics may have originated from either a separate source, the 

original parent magma or the mafic residual after differentiation. 

The presence of a two pyroxene andesite typical of volcanic regimes associated with the 

compressional tectonics at continental margins poses an interesting problem to the tensional tectonics 

of rifting. Further investigation will require additional sampling, microprobe analyses, and bulk 

chemical analyses. 
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REGIONAL GEOLOGIC SETTING 

Raton-Clayton volcanic field 

The Raton-Clayton volcanic field is located in the northeast comer of New Mexico, east of 

the Sangre de Cristo Mountains and the Rio Grande Rift The field is the eastern most location of 

Cenozoic volcanism within the United States (Stormer, 1972b) and occupies an area of approximately 

4000 sq kIn, extending from east-south central Colorado southeastward to near the New Mexico

Texas border (Figure 1). Situated on the east margin of the Raton basin, the field overlies a 

sedimentary stratigraphic section composed of a sequence of limestones, sandstones, conglomerates, 

shales and siltstones of Triassic to Tertiary age (Appendix A). 

The Raton-Clayton field is late Tertiary to Holocene in age and is dominated by alkali olivine 

basalts. Extrusives have erupted over the last 8 million years (Stormer, 1972a), the most recent 

activity occurring between 10,000 and 4,500 years ago (Baldwin and Muehlberger, 1959). Intrusives 

within the field have been identified as being Oligocene in age, 37 to 26 Ma (Staall, 1985). 

The volcanics of the field have been described and interpreted primarily by: Mertie in Lee 

(1922), Collins (1949), Stobbe (1949), Bal~win and Muehlberger (1959), Jones et aL (1972), Stormer 

(1972a & b, 1987) and Phelps et aL (1983). Intrusions of the field have been studied most recently 

by; Staatz (1985), Scott (1986), Potter (1988) and Taylor (1989). A nomenclature, based on 

stratigraphic succession, was established by Collins (1949); this was revised by Stormer (1972b) and 

Taylor (1989). Collins divided the stratigraphy into three series: the Raton Basalts, the Clayton 

Basalts, and the Capulin Basalts, each composed of numerous lava flows or sequences. The 

classification was based on previous mapping in Lee (1922), Collins' field and lithologic study, and 

the petrographic/petrologic study by Stobbe (1949). Individual flow units include the Raton basalts, 

the Red Mountain dacite, the Turkey Mountain andesite, the Slagle trachyte, the Chico phonolites 

(interpreted as flows), the Clayton basalts, and the Capulin basalt Stormer (1972b) proposed 
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another petrographic grouping to designate differences and/or similarities between rock and flow 

units, based on chemical-petrological distinctions. This includes the Raton-Clayton Basalt, the Red 

Mountain Lavas, the Feldspathoidal Lavas, the Sierra Grande Andesitic Lavas and the Capulin 

Basaltic Lavas. Taylor (1989) suggested an alternative classification (Appendix B) based on chemical 

delineations which rearranged the previous stratigraphic units into five groups reducing the confusion 

caused by retaining stratigraphic distinctions that are not chemically valid. 

Rio Grande Rift 

The Raton-Clayton field has been associated with the tectonic and volcanic activity of the 

Rio Grande Rift (Lipman, 1969; Stormer, 1972a; Gornitz, 1982). The majority of the rift extends 

from Colorado to Mexico (Figure 2) and merges with the southeastern area of the Basin and Range 

Province. 

It has been suggested and is generally accepted that the western edge of the North American 

craton had experienced two major orogenic events involving the subduction of oceanic material to 

the west, prior to the rift's formation. One was the Sevier Orogeny (155 - 85 Ma), characterized by 

large thrust belts that moved eastward along the length of the cratonic apron and by magmatic 

activity along its edge. The other was the Laramide Orogeny (SO - 40 Ma) which involved 

asymmetrical basement uplift and a northeastward migration of magmatism into the craton's interior 

(Coney, 1978; Suppe, 1985; Cross, 1986). Then around 40 to 20 Ma ago the western edge of the 

North American plate experienced a second migration of magmatism eastward into the interior 

(Coney, 1978; Cross, 1986) and subsequent extensional faulting (Elston and Bornhorst, 1979), which 

has been attributed to a rapid rate of convergence between the Farallon and North American plates 

(Atwater, 1970; Eaton, 1979; Coney, 1987) and a subsequent low angle of subduction (Coney, 1978; 

Cross, 1986). At about 20 Ma the convergence rate apparently slowed and either a sinking or 

breakup of the subducted plate occurred (Coney and Reynolds, 1977; Coney, 1987), resulting in a 

return to a steeper angle of subduction and a reverse migration in magmatism (Cross, 1986). The 
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Figure 2. Index map of the Rio Grande Rift in New Mexico and southern 

Colorado. Location of major tectonic features and associated volcanic 

provinces within the region (modified after Potter 1988). 
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formation of the Rio Grande Rift has been attributed to this decrease in convergence rate which is 

suggested to also have caused a reverse flow in the asthenosphere (Lipman, 1980; BVSP, 1981; 

Coney, 1987). Movement of the asthenosphere and its interaction with the overlying lithosphere 

resulted in uplift, extensional faulting and volcanism (BVSP, 1981; Eaton, 1986). 

Four major geologic events have been identified in the northern region of the Rio Grande 

Rift by Morgan and Golombek (1984). They are: 1) Laramide compressional deformation (70 - 40 

Ma), 2) Oligocene to early Miocene volcanism (36 - 20 Ma); 3) an early phase of extension (30 Ma 

to ?); and 4) a late phase of extension (13 Ma to recent) and associated volcanism. This last event 

followed an apparent lull in volcanic activity during the middle Miocene. 

Elston and Bornhorst (1979) proposed that the rift occurred in three overlapping events: 

beginning with a modified Andean arc stage (40-29 Ma) with calc-alkaline volcanism and early 

extension, followed by a modified back arc stage (peaking at 27 Ma) with major extension and 

rhyolite and basaltic andesite volcanics, and fmally an intraplate block faulting stage (21 Ma to 

present) with dominant basaltic volcanism. Intrusive igneous activity associated with the formation 

of the rift are the Spanish Peaks (21.7 - 25.6 Ma)(Stormer, 1972a), the Questa district (22.3 - 23.5 

Ma)(Laughlin et aL, 1969), the Chico Hills sill complex and the Laughlin peak area (36.7 - 24.2 

Ma)(Staatz, 1985; Scott, 1986). It is further suggested that the rift experienced two primary episodes 

of extension: the first began about 30 Ma and lasted until about 12 Ma, the second began around 10 

Ma and continued to around 3 Ma(Eaton, 1979; Baldridge et aL, 1984). During the first episode it 

has been proposed that there was a decrease in volcanic activity around 20 to 15 million years ago 

(Eaton, 1979; Elston and Bornhorst, 1979) while a maximum in volcanic activity occurred during this 

last episode (BVSP, 1981; Gornitz, 1982). 

Jemez Lineament 

The Raton-Clayton field has also been spatially associated with the volcanic events of the 

Jemez Lineament; the later a northeast trending alignment of volcanic fields (Lipman and Mehnert, 
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1975; Lipman, 1980). The lineament begins at the southeast margin of the Colorado plateau, 

intersects the Rio Grande Rift at its west margin and traverses the rift in a west-east direction. At 

the east margin of the rift, the lineament continues on a northeast trend into northeast New Mexico 

and southeast Colorado (Figure 2). The Jemez Lineament has been inferred as a major zone of 

weakness in the lower lithosphere (Baldridge, 1979; Gornitz, 1982; Baldridge et aI, 1984), one of 

many such structural features that exist throughout the western United States as a result of early 

Proterozoic tectonic events (Warner, 1978; Kerr, 1985; Tanaka, 1986). 

The Raton-Clayton field is situated on the eastern end of the lineament (Figure 2). 

Volcanism along the lineament began during mid-Miocene, for example in the Jemez Mountains 

approximately 13 Ma (Gardner and Goff, 1984), and continued uniformally along its length over the 

last 5 million years (Lipman and Mehnert, 1975). A slight asymmetrical age relationship exists with 

the volcanics on the west side of the rift being relatively older than those on the east. For example, 

the volcanics of the Raton-Clayton field began approximately 8 Ma and continued until late Holocene 

time (Stormer, 1972a). The volcanics along the lineament, but outside the rift, are generally alkali 

basalts while those within the rift are predominately tholeiitic basalts (Lipman, 1969). 



11 

SIERRA GRANDE VOLCANO 

Sierra Grande, the largest volcano in the Raton-Clayton volcanic field, is approximately 15 

kIn in diameter, 2658 m in maximum elevation and rises approximately 600 m above the plain on 

which it is situated. The volcano has a shield profile and the topography appears smooth from a 

distance. However, a more rugged terrain is created by numerous, often deep, ravines that form a 

radial pattern on the slopes of Sierra Grande. Many flows, flow fronts or portions of flows are well 

exposed as ridges, small bluffs or cliffs perpendicular to the slopes. Much of the surface area is 

covered with a thin soil and is often quite grassy. The slopes of the volcano are very rocky with both 

large and small float The lower half of the north side of the volcano is thickly forested in areas. 

The summit of the volcano consists of two peaks, one east and one west, which are connected by a 

saddle. Two, almost cirque-like, depressions are on either side of the saddle, one facing northeast 

and the other facing south-southwest The slopes of the summit are very steep and very grassy with 

few outcrops exposed. However, those outcrops that are present are a few small flows that appear 

to have been extruded from the summit sides, near the top of the peaks and along the saddle area. 

The volcano has been referred to as an anomaly and descnoed as a shield volcano (Stormer, 

1987) of andesitic composition (Collins, 1949; Baldwin and Muehlberger, 1959; Stormer, 1972b) 

within a volcanic field of predominately alkali olivine basalt (Collins, 1949; Stobbe,1949; Baldwin and 

Muehlberger, 1959; Stormer, 1987). Sierra Grande has been described as petrographically and 

petrologically unique for the area (Collins, 1949; Stormer, 1972b) in that it contains a two-pyroxene 

andesite (augite and orthopyroxene) (Stormer, 1972b); lavas such as these are typically found in 

volcanic regimes associated with compressional styles of plate tectonics at continental margins rather 

than the tensional tectonics typical of the Rio Grande Rift 

Studies of the Raton-Clayton volcanic field have concentrated on the basaltic and 

feldspathoidalvolcanics or earlier intrusives (Collins, 1949; Stobbe,1949; Baldwin and Muehlberger, 
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1959; Stormer, 1972 a & b; Phelps et aL, 1983; Potter, 1988; Taylor, 1989) while Sierra Grande has 

remained relatively untouched. The dozen or so reported samples attnouted to Sierra Grande have 

come from either; near the base of the volcano, more than several miles from the volcano, or are 

of unknown location. No geologic mapping or comprehensive collecting has been done prior the 

present work. 

Clarke (1915) reported a chemical analysis by W. F. Hillebrand on a sample from Sierra 

Grande. The report included a petrographic description by Whitman Cross, who identified the 

sample as pyroxene andesite (Tonalose) containing augite, a minor amount of hypersthene, microliths 

of plagioclase, apatite, magnetite and smokey brown glass. Washington (1917) reported the very 

same chemical analysis but identified the rock only as andesite. A reference by Mertle in Lee (1922) 

cited the lava of Sierra Grande as pyroxene andesite, however, no further description, reference or 

location was given. 

Collins (1949) descnoed the volcano as "relatively inaccessible and unexplored" and stated 

that although there is no crater visible, Lee (1912) had inferred one. In fact, Lee (1912) reported 

a crater, briefly descnoed its morphology and outlined its evolution. In further describing the 

volcano, Collins proposed that it was a source for extrusion of every flow composition found in the 

field, with the exception of the Raton basalt and stated that there is feldspathoidal basalt on the 

volcano's west flank, olivine basalt on the west and south-to-east flanks, olivine-free basalt on the 

southwest to west flanks, Capulin basalt on the northeast flank from a vent with an associated narrow 

8 km flow, and Red Mountain dacite as float on the north slopes. The east flank sample of olivine 

basalt was identified as being the typical Clayton basalt, which is also located between Sierra Grande 

and the town of Clayton; however, Collins suggested that it is only a fraction of the volcano. A 

sample from the northeast region was identified as being either olivine-free basalt or pyroxene 

andesite. A chemical analysis of an andesite in Collins' paper was the same as the one from Clarke's 

1915 report. 
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There are not enough chemical analyses support or refute Collins' assumption that Sierra 

Grande may have been a source of every flow composition and without more precise sample 

locations (e.g., flank or base) the association of the samples to the volcano proper is questionable. 

SUbsequent workers (Baldwin and Muehlberger, 1959; Stormer, 1972a & b) have not suggested that 

Sierra Grande is composed of such flows. In fact, the age of some of the flow units of the Raton

Clayton field descnbed by Collins have been found to be either older or younger than the apparent 

age of Sierra Grande extrusives (Stormer, 1972a). 

Stobbe (1949) suggested that the olivine-free basalt might be the pyroxene andesite referred 

to by Mertle in Lee (1922). Stobbe descnbed the volcano as being composed of numerous lava types 

and identified three samples. Two samples came from an area located four to seven miles from the 

town of Clayton (i.e., a lava flow between Sierra Grande and Clayton). The other sample came from 

the west base of the volcano. All three were classified by Stobbe as Clayton basalt The first two 

were descnbed as olivine basalt and the third as olivine-free basalt Stobbe stated that the latter 

resembled olivine basalt but had quartz inclusions, was olivine free and had a higher concentration 

of glass thus making it difficult to identify as a basalt The glass was reported as having a lower index 

of refraction than that for andesitic glass and therefore Stobbe suggested that all the samples could 

be grouped with the olivine basalts of the Raton-Clayton volcanic field, based on the presence of 

pyroxene, type of feldspar and color index. 

Baldwin and Muehlberger (1959) descnbed Sierra Grande as being composed of pyroxene 

andesite Q! olivine-free basalt and suggested that the volcano preceded the late Clayton basalt 

extrusions. They stated that, although Collins (1949) noted olivine basalt and feldspathoidal basalt 

around the perimeter, the main bulk of the volcano was pyroxene andesite. Baldwin and 

Muehlberger suggested that the andesite was chemically and petrographically similar to the Red 

Mountain dacite of Collins (1949) and that Sierra Grande preceded the late stages of the Clayton 

basalt, possibly as an earlier silicic differentiation, and was stratigraphically in place prior to the 
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Capulin basalL Baldwin and Muehlberger made a single traverse across the volcano from the 

northeast to the peak and down the south side and stated that a remnant rim may exist at the peak 

and that, although no actual crater exists now, volcanic breccia is present at the summiL They also 

suggested that the region of the summit may be part of a crater rim and that the most eastern ridge 

could be a late and smaller crater within the larger crater. Baldwin and Muehlberger also identified 

some peripheral cones and flows on the east and north slopes, the basalt of which was more siliceous 

than other basalts in the volcanic field, based on a low index of refraction, and contained small 

amounts of olivine. In their report, a chemical analysis of a sample from Sierra Grande was grouped 

with the Red Mountain dacite of Collins (1949) and was also the same as the one in Clarke's 1915 

repon 

Stormer (1972b) has given the most recent information on Sierra Grande as part of his 

survey of the Raton-Clayton volcanic field and presents the only other two chemical analyses of 

samples from Sierra Grande. He stated that the volcano overlies the typical Clayton basalt and may 

be contemporaneous with the mafic feldspathoidal volcanics of the field. Stormer identified two 

samples as pyroxene andesite from the northwest base of Sierra Grande and stated that the volcano 

is the only one in the Raton-Clayton field containing a two-pyroxene andesite). Stormer noted that 

the andesite was olivine free (except as rare microphenocrysts), had some quartz inclusions, and 

contains feldspars that were more sodic than similar volcanics found in orogenic suites. He also 

noted phenocrysts of clinopyroxene coexisting with phenocrysts of orthopyroxene which have a 

reversed zoning (hypersthene cores surrounded by more magnesium-rich margins). Stormer 

interprets this mineralogy as evidence that the initial growth of the orthopyroxenes was not in 

equilibrium with the growth of the c1inopyroxenes and states that the presence of these hypersthene 

cores and quartz inclusions might represent remnants of metamorphic rock assimilated by an olivine 

basaltic magma. However, according to Stormer, a typical Clayton basalt would have to assimilate 

an unreasonable amount of quartz and alkali feldspar to be chemically equivalent to the andesite. 
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Stormer (1990 personal communi.) suggests that the lavas of Sierra Grande have a wide variation in 

textures across the volcano but are chemically the same. 

Sierra Grande lavas 

The Sierra Grande andesitic lavas have been descnbed as being different in chemistry and 

mineralogy from the andesites of the Red Mountain lavas and yet possibly having a common origin 

(Stormer,1972b). The phenocrysts identified are orthopyroxene,some with hypersthene cores, and 

augite, which are often glomeroporphyritic. The microphenocrysts are clinopyroxene, orthopyroxene 

and rare olivine within a ground mass composed of feldspar, oxides, pyroxene and rare quartz in a 

microcrystalline and/or glassy texture (Stormer, 1972b). 

The Sierra Grande lavas and the Feldspathoidallavas are contemporaneous,1.9+ 0.05 and 

1.8+ 0.1 Ma respectively (Stormer 1972a), and Stormer suggests that there might have been an 

equivalent origin for the two or, at least, the possibility that two magma sources existed with separate 

systems but with a common requirement (e.g., water enrichment). Stormer (1972b) proposes that 

the origin of Sierra Grande lavas is the result of partial melting in the upper mantle, similar to that 

for the Red Mountain lavas and suggests that there has not been any fractional crystallization. Also, 

that a mechanism under relatively high partial pressures of water, approximately 3.8 kb derived from 

an Fe-Ti oxide geothermometer, would be a possible magmatic origin. However, Stormer also stated 

that if the quartz grains in his samples from Sierra Grande were not xenolithic, then a minimum on 

the estimated depth of melting would be about 13.8 kb or 40-45 km. 

In summary, previous work provides no detailed mapping, minor sampling and only three 

chemical analyses to serve as a basis for understanding the structure and petrology of Sierra Grande. 

The purposes of this study are to provide a more detailed field description of Sierra Grande, to 

desC!1be more accurately its lithology and how it relates to the volcanic field in which it resides. This 

has been accomplished by completing a stratigraphic survey and geologic map of the northern half 

of the VOlcano, petrographic analyses of 84 thin sections, and microprobe analyses of 23 samples. 
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VOLCANIC STRATIGRAPHY AND LITHOLOGY 

The geological field study was conducted in June and July 1990, during which the northern 

half of Sierra Grande was mapped (Appendix H, Geologic Map). The strategy, based entirely on 

lithologic characteristics and topographic relationships, was regularly revised and updated using the 

collected samples and accumulated field-site descriptions to arrive at a relatively uniform division of 

mappable units. 

The observations recorded included the color of samples and outcrops (usually of both 

weathered and fresh surface), textural features and mineral identification of samples, the locality, and 

stratigraphy and structure of outcrops. Sample descriptions were initially organized into lithologic 

units; each included samples with similar color, texture, and apparent mineralogy. This synthesis 

resulted in identifying 9 major lithologic/flow units (0, 1, 2, 3, 4, 5, 6, 7 and 8), most with several 

subdivisions, and was then used to establish 12 mapping units. This was accomplished by designating 

units 1, 2, 3, 4, and 5 as lithologically and stratigraphically distinct flow units of the volcano proper. 

Lithologic/flow unit 6 was subdivided into 4 separate lithologic units (6a, 6b, 6c, 6d) based on 

stratigraphic position and isolated occurrence at the summit of the volcano. Samples of 

lithologic/flow unit 7 belong to the peripheral cinder cones that flank Sierra Grande. Dike rocks, 

which are found on Sierra Grande and the peripheral cones, occur in stratigraphic positions that 

indicate emplacement late in the volcano's history and were grouped together as lithologic/flow unit 

8. Of the 12 mapping units, 11 were used for the completion of the geologic map (Map 1). Unit 

o was omitted from the map as it was determined to be of the surrounding plain on which the 

volcano is situated. The field descriptions of the lithologic/flow units are arranged in relative 

stratigraphic position from the oldest to youngest An exception to the order is the dikes; their 

descriptions follow the units in which they are found to occur. Sample locations are listed in 

Appendix F and the Topographic Map in Appendix H. 
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Unit 0 • olivine basalt 

The extrusive flow forming the surrounding plain on which the volcano is situated is an 

olivine basalL This basalt crops out in the ditches and outwash areas away from the base. The rock 

is jagged and has the typical malpais appearance. Larger outcrops have the typical pahoehoe 

features of basaltic lavas. These rocks are of the Clayton basalt which forms a large flow that extends 

from the vicinity of Sierra Grande southeastward to near the town of Clayton (Figure 1). 

The basalt is black to greenish black, moderately vesicular (relatively small vesicles) and 

moderately porphyritic. Phenocrysts are green to dark green (olivine and pyroxene). Much of the 

rock is in the form of float blocks that have weathered to a dull brown to dark brown and some of 

the rock has been weathered to a greenish friable state. A sample was collected at a ditch next to 

Highway 64/87 [NEl/4, NEl/4, Sec 23, T29N, R29E). 

Unit 1 • first basaltic andesite 

The first basaltic andesite flows form the lower slopes and base of the volcano of the west 

half of the volcano. The andesite crops out along the north-northeast side between 2050 - 2090 m 

and around to the west side between 2130 - 2180 m. The flows extend a short distance onto the 

surrounding plain as hummocky and malpais hills, particularly on the northeast side (Geologic Map). 

Samples are black to very dark gray, moderately vesicular (small to medium) and slightly 

porphyritic. Phenocrysts are olive green to green (olivine and pyroxene). The rock weathers to a 

dark gray to gray and then a dull brown and exfoliates a weathered skin of about 5 mm in thickness. 

There is secondary mineralization (calcite) filling some vugs, which have been enlarged by weathering. 

Flow identification is inferred from the shape of the hills and slopes, and from a few larger 

continuous outcrops. A fresh sample was taken from a recent excavation [SE1/4, NE1/4, SEl/4, Sec 

18, T29N, R29E). 
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Unit 2 • second basaltic andesite 

The second basaltic andesite is exposed in a small but rather broad ravine on the lower west

southwest slope of the volcano between 2155 • 2215 m. This basaltic andesite is younger than the 

first basaltic andesite and older than the flows of the first andesite, but its relationship to the third 

basaltic andesite is unclear in the field (Geologic Map). The flow or flows form a gentle sloping rise 

within the ravine and are blocky, but the blocks are relatively small in comparison to subsequent 

andesite flows. 

The rock is gray to dark gray, moderately to very vesicular and moderately to very 

porphyritic. The phenocrysts are dark green to green (pyroxene and olivine) and many have 

weathered to a reddish copper or copper brown color. The rock weathers to a gray to dull brown 

to dull reddish brown. Secondary mineralization (calcite) occurs primarily along fractures and in 

some surface to near surface vugs. This is the most porphyritic rock of the volcano. Two fresh 

samples were obtained about halfway up the ravine at a flow front [Nl/2, NWl/4, Sec 1, T29N, 

R29E]. 

Unit 3 • third basaltic andesite 

Cropping out at mid to lower slope is a third basaltic andesite. Exposures can be found on 

the north side between 2090 - 2185 m and on the east side between 2005 - 2095 m. This basaltic 

andesite is younger than the first basaltic andesite since it is exposed above it on the north

northeastern side (Geologic Map). This andesite extends from the north to east sides, forming the 

lower slopes and the base of the volcano, where it resides directly on the surrounding plain. The 

flows are blocky and platy, and the blocks are larger than those of the first basaltic andesite. 

This andesite is dark gray to steel blue gray (with an almost grainy appearance), very 

vesicular, and slightly porphyritic. Phenocrysts are green to olive green (pyroxene and olivine). 

There are also some xenoliths (4 to 5 em in diameter) composed of white and rounded grains of 

quartz. An origin for these might be a quartz sandstone in the underlying country rock, possibly the 
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Dakota sandstone. The rock weathers to shades of dull brown and reddish brown and the outer 

layers exfoliate exposing inner layers which are gray and only slightly altered. Fresh samples were 

obtained from a quarry located on the east-southeast side of the volcano [SWl/4, NE1/4, Sec 26, 

T29N, R29E). 

Unit 4 • first andesite 

The first andesite appears to have originally covered most if not nearly all of the previous 

flows of the volcano and occurs in the form of float and platy flow structures exposed above the 

lower Slopes. Outcroppings, from east to west, are composed of 6 subunits which have a common 

stratigraphic position and similar texture, and therefore have been combined into one mapping unit 

The andesite flows overlie the first basaltic andesite along the north to west sides, the third basaltic 

andesite along the northeast to east sides, and appear to underlie the flows of the second andesite 

almost everywhere (Geologic Map). Most of this andesite has apparently been removed from above 

the second basaltic andesite. The flows form the gentle to almost flat areas on the east side of the 

volcano at mid slope between 2060 - 2155 m. Flow and float plates have a rather flinty appearance 

and the float is somewhat altered. At some outcrops the platy flows are horizontal and sparsely 

exposed while at other places the platy flow blocks are nearly vertical with a dike-like aspect and 

most are only a meter or two thick. This andesite appears to have been the most eroded flow 

sequence, leaving platy blocks as float 

The rock is generally very dense, breaks in a flinty manner and has a tuffaceous appearance; 

it is bluish gray to light gray to pinkish gray to red, very slightly vesicular to vesicular, and very slightly 

porphyritic. Phenocrysts are dark to light green (pyroxene). The rock weathers to a light brown or 

very light brown. Some weathered samples have banding with various colors (e.g. purple, violet, red, 

orange, yellow, blue and green) and a very few have lenses of varying colors. The banding appears 

to extend into the outcrops and the styles of banding either vary or are not present at all, making it 

difficult to correlate between outcrops. Samples were collected at numerous locations (Appendix F). 
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Unit 5 • second andesite 

The thickest and most voluminous flow sequence, covering nearly the upper 2/3 of the 

volcano, is the second andesite (Geologic Map). It is exposed above 2185 m on the west side, above 

2150 m on the north side and above 2090 m on the east side. Flows have cooled to form very 

massive and blocky structures, with blocks ranging from .5 meter to over 6 meters. At some 

outcrops, particularly on the east side, the flows are underlain by a thin platy flow which belongs to 

the first andesite. The ends of some flows on the west slopes form ramping structures with typical 

curved fronts. This feature is believed to have been created by drag due to the vertical difference 

in viscosity within the flow as exhibited by a blocky flow above a platy flow. Erosion of this andesite, 

at some flow edges, has formed the deep ravines found on the volcano. Individual flow distinctions 

were not made except for a series of later extrusions that occur at or near the summit, which are 

smaller in length and composed of angular blocks. 

Samples are gray to bluish gray to dark gray or mottled in appearance (gray to light gray or 

purplish gray to very light gray), are moderately to very vesicular and moderately porphyritic. 

Phenocrysts are olive green to green to dark green (pyroxene). In a few samples, minor amounts of 

quartz are present as secondary mineralization or inclusions. The rock weathers either to a dull light 

brown or dark brown, often with a reddish to very dark red tint There are 3 distinct petrographical 

subunits of this andesite, however in the field these samples are found at various locations (Appendix 

F) and elevations, and were therefore mapped as a single unit 

Unit Sa andesitic dikes 

Approximately 2S percent of the float rock that occurs on the slopes, from the high 

elevations to the base, has been inferred as being dike material. Andesitic dikes crop out on the 

lower slopes, upper slopes and just below the summit in contact with either the first or second 

andesite (Geologic Map). The rock is black to greenish black, dense, usually jointed, vesicular to 

moderately vesicular, and porphyritic to Slightly porphyritic. The phenocrysts are green to olive green 
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(pyroxene). The vesicles are a few millimeters in diameter, often ovate and are very uniformally 

distributed. The rock weathers to a light brown to brown. A sample used for microprobe analysis 

was taken from a dike above mid-slope (2.285 m) [SEl/4, SEl/4, Sec 20, T29N, R29E]. 

Unit 6a • summit andesite 

The summit andesite appears to comprise the outer surface of the summit area (Geologic 

Map) and underlie the weathered slopes above 2550 m. It crops out at and just below the top of the 

eastern peak and occurs as a minor amount of float along the slopes of the summit There is no 

contact between this lithologic unit and any other present at the summit, and the slopes are very 

weathered making it difficult to be confident of outcrops or to obtain fresh samples. The andesite 

has a cinder and/or tuffaceous appearance and is stratigraphically younger than all previous flows 

(first basaltic andesite through the second andesite) with the exception of the flows of the second 

andesite that occur at the summit 

The rock is either reddish gray to bluish-red gray often with a purplish banding, dense, with 

a grainy to crystalline texture, and aphanitic to slightly porphyritic with dark green to green 

phenocrysts (pyroxene) or orange red to red, dense, with a sandy texture, slightly vesicular, and very 

slightly porphyritic with dark green phenocrysts (pyroxene). Weathered cavities and/orwgs are filled 

with a brown to yellow mineralization. This rock weathers to a very dull orange, orange red or red. 

The above rock descriptions were grouped together as a mapping unit because of the lack of 

outcrops and generally poor quality of samples, which were collected near the top of the east peak 

[SWl/4, SEl/4, Sec 32, T29N, R29E]. 

Unit 6b • andesitic breccias 

Andesitc breccias occur at the summit of Sierra Grande (Geologic Map). The breccias 

occupy the saddle area, from just below the east peak at about 2615 m to 2675 m near top of the 

west peak. There are three breccias, which have been grouped together on the basis of their 

generally common lithology and stratigraphic position. Fresh samples were only collected for the first 
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breccia; the others appear somewhat weathered and occur mostly as float Samples were collected 

at several locations along the saddle [NWI/4, SEI/4, to SEI/4, NWI/4, Sec 32, T29N, R29E). 

The first breccia (clasts 2 - 3 em), is bluish gray and greenish gray, very slightly mottled, very 

dense and aphanitic to slightly porphyritic. The phenocrysts are dark green to green (pyroxene). The 

rock weathers to a dull brown or dark brown and with a bumpy appearance and crops out all along 

the saddle as a prominent ridge. 

The second breccia (clasts .5 - 2 em), is red, bluish gray, purple, light purple and very light 

brown, slightly dense, grainy, slightly porphyritic and slightly vesicular. Phenocrysts are dark green 

or black (pyroxene) and are small but have dermite distinguishable euhedral and/orsubhedralshapes. 

This breccia occurs near the west peak as small blocks but mostly as float The rock weathers to a 

light brown to brown. 

The third breccia (blocks .5 - 3 em), is red, purple, blue, gray, light brown and orange, dense, 

slightly porphyritic and very slightly vesicular. Phenocrysts are very fme and dark green (pyroxene). 

The rock weathers to a light brown to brown and occurs only as float at the very top of the western 

peak. 

Unit 6c - andesitic plug 

Appearing as a cairn-looking structure, a possible andesitic plug crops out on the east edge 

of the saddle area just below the eastern peak (Geologic Map), at approximately 2620 m. This 

Structure is approximately 4 to 5 meters in height, about 3 to 4 meters in diameter at the base and 

about 1 to 2 meters in diameter at the top. The rock forms platy and/or lenticular slabs that are very 

angular. 

The rock is dark gray to gray, mottled, slightly vesicular (few vesicles, however they are 

rather large and flattened) and Slightly porphyritic, at the base of the plug. The few phenocrysts are 

dark green to green (pyroxene), very crystalline and some have a bluish brown tint (most likely from 

weathering). Above the base, the rock is dark gray to dark bluish gray, very dense and aphanitic to 
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porphyritic. Phenocrysts are brown to dark green to olive green (pyroxene), very dark bluish gray 

or clear crystals (most likely quartz) and some brown specks that have a metallic luster. This 

andesite does not appear to be very weathered and where it is weathered, the surfaces are brown to 

light brown, and very thin and flaky. Samples were obtained from the base and halfway up the 

structure [NWl/4, SEl/4, Sec 32, T29N, R29E]. 

Unit 6d • saddle andesite 

Exposed as a blocky flow situated in and perpendicular to the saddle area between the peaks 

(Geologic Map) is another andesite. It crops out between 2630 -2660 m, is small in area near the 

center of the saddle and extends down both sides of the saddle for a short distance. This andesite 

crops out within the first andesitic breccia. 

Samples are dark gray to bluish gray and aphanitic to porphyritic. The phenocrysts are dark 

green to olive green (pyroxene) and there are some inclusions that are pinkish brown to pinkish gray 

which appear to be a secondary mineralization. Some of the olive green phenocrysts are rather 

powdery, probably due to weathering. Weathered surfaces are light brown to brown with a pink tint. 

Samples were taken from the north side of the flow [NEl/4, SWl/4, Sec 32, T29N, R29E]. 

Unit 7 • basaltic scoria and basalt 

Basaltic scoria occurs at the three peripheral cinder cones around the base of the volcano 

and at two cinder vents on the lower slopes (Geologic Map). A basalt crops out at the base of a 

cone on the east side. The smallest cone, located in an isolated and broad ravine on the west side 

of the volcano [NE1/4, NEl/4, Sec 35, T29N, R28E], is the most circular. It rises approximately 32 

m and the scoria overlies the first basaltic andesite and the first andesite. The next largest cone is 

located on the east side [SWl/4, NWl/4, Sec 36, T29N, R29E]. It is slightly elongated in a northeast 

to southwest direction, has one dike associated with it, rises nearly 93 m and overlies the second 

basaltic andesite. The largest peripheral cone occurs on the west-northwest side of Sierra 

Grande[Sec 26, T29N, R28E]. This cone is elongated in an east-northeast to west-southwest direction 
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and widens out at its west-southwest end. It rises approximately 123 m and is connected to the main 

volcano by a small saddle area. The basaltic scoria of this cone overlies the first basaltic andesite, 

the first andesite and second andesite. The two vents found on Sierra Grande have roughly circular 

outlines. One is situated on the lower east slopes at about 2142 m [SWI/4, S 1/4, Sec 26, T29N, 

R29E]. The other is on the north side, mid slope at about 2302 m [NWI/4, SWI/4, Sec 21, T29N, 

R29E]. The vents have extruded through the second andesite. 

Fresh exposures of the scoria are red and black and the basalt is greenish black. Both are 

vesicular to very vesicular and slightly to moderately porphyritic with dark green to green phenocrysts. 

The rocks vary in density and in some cases the scoria appears almost welded. The rock weathers 

to a dull red to reddish orange for the red scoria, a dull brown to light brown to yellow ocher for the 

black scoria and green for the basalt Vugs are filled with secondary mineralization (calcite). In 

addition, one sample of scoria found on the east cinder cone is black to brown and very glassy. Also, 

several volcanic bombs were found near the base of the west-northwest cinder cone. Samples were 

obtained from all locations (Appendix F). 

Unit 8b - basaltic dikes 

A basaltic dike grouping occurs on a saddle area between the main volcano and the 

peripheral cinder cone on the west-northwest side (Geologic Map). It is composed of three separate 

dikes radiating away from a circular outcropping. One dike, which trends west, is actually a set of 

parallel dikes that traverse the saddle, intrude into the cinder cone and then split near the cone's 

center with one trending southwest and the other trending west-southwest The second dike trends 

northwest and the third dike trends south-southwest This rock is greenish black to black, dense, 

slightly to moderately porphyritic, and slightly to moderately vesicular. Phenocrysts are dark green 

to green (olivine and pyroxene) and vesicles are small to medium in size (less than a centimeter). 

Weathering gives the rock an almost phaneritic texture; it weathers to a greenish brown to dark 

brown. A sample was collected from the parallel dikes about midway along the saddle [SEI/4, 
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NEl/4, Sec 26, T29N, R28E). 

The other basaltic dikes, which occur at the peripheral cones, include an additional dike 

found on the west-northwest cinder cone and a dike that parallels the slightly elongated shape of the 

east cone (Map 1). The first dike is composed of rock that is steel gray to gray, very dense and 

aphanitic to slightly porphyritic. Phenocrysts are black to dark green (pyroxene and olivine). The 

rock weathers to a bluish gray to brown to bluish black and it breaks in a flinty manner. The other 

dike is composed of rock that is very dark gray with a purplish tint, slightly vesicular and slightly 

porphyritic. The phenocrysts are dark green to green (pyroxene and olivine). This rock weathers 

to a dull brown to dark brown and breaks into very angular blocky shapes. Samples were obtained 

from both dikes (Appendix F). 
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VOLCANIC HISTORY 

Field interpretation of the lithologic/flow units previously described suggests a sequence of 

events for the formation of Sierra Grande. These events have been separated into fIve stages. 

Stage 1 pre-Sierra Grande 

The largest flow of Clayton basalt occupies the eastward dipping plain on which Sierra 

Grande is situated (Figure 1). Within the volcanic fIeld, the basalt emanated from vents and cones 

above fIssures in the underlying sedimentary rocks and Precambrian basement (Baldwin and 

Muehlberger, 1959; Stormer, 1987). Judging from the location and orientation of the flow, it is 

possible that the source vent may have coincided with or was adjacent to the conduit for the lava 

flows of Sierra Grande. This could add some support for Collins' (1949) statement that the volcano 

was a vent for many of the rock types in the volcanic fIeld. 

Baldwin and Muehlberger (1959) identifIed a vent on the east side of the volcano, which 

corresponds to the second largest cinder cone, and stated that this vent was most likely the source 

for the Clayton basalt flow that extends from the vicinity of Sierra Grande to near the town of 

Clayton. However, this would require that the cinder cone was emplaced prior to Sierra Grande. 

The problem with this scenario is that the cinder cone partially overlies the second basaltic andesite 

of Sierra Grande (Geologic Map) which in tum overlies the Clayton basalt 

Stage 2 the early flows 

The fIrst flows of Sierra Grande were three successive, but distinctly separate, basaltic 

andesites (unit 1 followed by unit 2 and then unit 3). These lithologic/flow units, based on fIeld 

interpretation of their overall flow direction, erupted from a central vent, the location of which 

coincides with the position of the present day summit 

The fIrst basaltic andesite is the most mafIc appearing rock of the volcano, based on color 

index. The flows that comprise this unit extruded to the northeast, north, northwest, west and 
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southwest These flows appear to exhibit a typical basalt viscosity, at least at the distal margins as 

represented by present day exposures and lateral extent The next lavas to extrude were the second 

and third basaltic andesites. Judging from the flow fronts at an isolated outcrop, the second basaltic 

andesite extruded to the southwest overlapping the first basaltic andesite. It is conceivable that flows 

of this unit also extruded west and south, however, there were no other outcrops exposed in the 

mapped area. The third basaltic andesite extruded to the north-northeast overlapping in part the first 

basaltic andesite, and to the east and southeast onto the Clayton basalt Interpretation of the flow 

extent for and general thickness of the first and third basaltic andesites suggests that at the end of 

this stage the volcano was; an asymmetrical feature, had reached its maximum lateral extent, and 

may have reached about 1/3 its present height Erosion of these units has been only moderate with 

most of the flow fronts retaining much of their original shapes. 

Stage 3 the later flows 

The extrusions of this stage include the extensive flows of the first andesite and the 

dominating flows of the second andesite. The source vent for these flows, based on the their 

symmetrical arrangement and radial pattern, was a crater that formed above the central vent, during 

the extrusions of the earlier basaltic andesites. 

The first andesite, which had a greater lateral extent toward the east, covered much if not 

nearly all of the volcano's previous lateral extent and has been extensively eroded with much of it 

OCCUrring as float on the lower slopes of the volcano. This andesite was apparently less viscous, 

resulting in broad and rather thin outcrop units as compared to previous and subsequent flows. This 

andesite covered earlier flows in a somewhat blanket manner by apparently filling in depreSSions 

between previous flows and thinly covering the tops of the flows, thereby smoothing out the general 

topography. A few upright structures of this andesite are interpreted as being the remnants of flows 

that had filled areas between earlier flows and which, upon erosion of the higher portions that 

covering the earlier flow tops, have been left remaining with dike-like appearances. At the end of 
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this eruptive sequence the volcano was probably a nearly symmetrical topographic feature, based on 

field interpretation of the uniform coverage and thickness of the first andesite. 

The second andesite followed as numerous, very large and voluminous flows that erupted 

radially from the central crater, contrIbuting to the majority of the volcano's mass and building it up 

to approximately a little more than its present size. This andesite was clearly viscous as the flows are 

very massive and reach only a little more than 2!3 of the way down the volcano's slopes. A few flows 

of this eruptive sequence, particularly on the west side, either had a sufficient force or low gradient 

or both to create ramping structures. These second andesite flows have definitely been eroded. 

Ravines that create a radial pattern on the volcano resulted from the down cutting of water along 

the edges and contacts of adjacent flows. Apparent dip directions measured near the sides of the 

flows indicate a downward direction toward the ravines. Most of the erosion occurred at the flow 

sides and only a moderate amount of surface appears to have been removed. Late eruptions of this 

andesite, small blocky flows that appear to have erupted from the base and sides of the volcano's 

summit, indicate that this sequence chronologically extends into the next stage. 

Stage 4 the summit 

The previous flows of Sierra Grande could be identified as successive and distinct. At the 

summit, however, it is more complex and any interpretation based on field interpretation is in part 

speculative. The topographic features of the summit are the two peaks, a slightly lower saddle region 

connecting the peaks and two (cirque-like) depressions on either side of the saddle. The slopes of 

the summit are relatively steeper than those lower on the volcano. 

The formation of the summit ,was the fmal activity of the volcano and began near the end 

of the previous stage. The age relationship between the remaining lithologic/flow units of the summit 

is not as clear. The following is one possible scenario from field interpretation. 

The summit formed as eruptions of the summit andesite accumulated at the crater or central 

vent This andesite is the flTSt and dominant lava of this stage. The accumulating material 
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concentrated at both the east and west sides of the crater rim, forming the peaks of the volcano. A 

transition from the preceding stage and this stage is evident from a few late flows of the second 

andesite, which erupted from the lower slopes and sides of the summiL Between the peaks, an area 

of least accumulation above the central vent was the source vent for some of the late second andesite 

extrusions. The fmal event was an explosive one that produced the andesitic breccias, filled in the 

central vent and the crater area not occupied by the peaks, and created the saddle region. Any ash 

expelled has long been eroded away, although it is possible that the soil covering much of the summit 

and even other portions of the volcano could be from such ash. The andesitic plug and saddle 

andesite squeezed up through minor fISSures within the summit and andesitic breccia, respectively, 

as the last extrusions of the volcano. The summit has been subsequently modified by erosion, the 

extent of which is uncertain, but more so than most of the earlier flows. The two (cirque-like) 

depressions are topographic features that resulted from the erosion of the side of the saddle. 

Stage 5 the peripheral cinder cones and vents 

The features of this stage are defmitely younger than the previous lithologic/flow units. The 

cinder cones, which are located around the perimeter of Sierra Grande, overlie one or more of the 

earlier flows (i.e., the basaltic andesites and the early andesites) and have experienced only moderate 

to very little erosion; they are nearly intaCL It is possible, therefore, that these cones may be 

contemporaneous with Mount Capulin, which would give them an age of about 10,000 yrs. The 

composition of the cones is either basaltic scoria or basalt and basaltic scoria. The composition 

difference and both the apparent and possible age difference between the cones and volcano suggest 

that the cones may be unrelated to Sierra Grande. The relationship between the volcano and the 

cones will be discussed later in the paper. 

The basaltic vents are the center remnants of much smaller undeveloped cones. These vents 

are located in the second andesite on the lower slopes of the volcano. The age relationship to the 

larger cones is uncertain; however, it is likely that they are contemporaneous and therefore have been 
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considered as such. 

The smallest cone formed in an isolated ravine or valley on the west side. A rim of more 

fused cinder rock is present at the top as a nearly complete circle. Located on the east side, the 

second largest cone has experienced very little erosion. The top of this cone still retains some rim 

like features. The largest cone, located on the west-northwest side, has experienced only a moderate 

amount of erosion and there is a general outline of the central vent still presenL Prior to any 

erosional modification, this third cone experienced an explosive evenL This is inferred from an 

opening on its west-southwest side and a widening shape of the cone trending west-southwesL 

The dikes 

Dikes were found on the main volcano and two of the peripheral cinder cones. Their ages 

could only be inferred by their crosscutting relationships to the associated flows or the cones. Several 

andesitic dikes intrude the main volcano at mid-slope, lower slope and just below the summiL These 

dikes crosscut the flows of the first or second andesite and are in some places exposed less than a 

foot above the flows, indicating that some of the andesite has been removed. These dikes appear 

to be of similar composition and are all very mafic, more so than the host rock. The basaltic dikes 

of the peripheral cinder cones apparently are related to cone formation as possible feeder dikes. The 

dikes found on the east cone and the west-northwest cone have trends that parallel the shape of the 

cones. 
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PETROGRAPHY 

There is some degree of variation between samples within lithologiC/flow units. This resulted 

in separating many of the litologic/flow units into subunits. In unit 4, the samples are subdivided on 

the basis of field lithologies. For unit 5, subdivisions were made solely on three distinct textures 

determined petrographically, however, they were mapped as a single unit Based on distinct, separate 

outcrops and some lithologic differences, unit 6 was divided up into four lithologic units, each a 

separate mapping unit In addition, unit 6b was further subdivided into three separate subunits based 

on color and textural distinctions, differences between angular fragments, fragment sizes, intersertial 

material and mineralogy. In unit 7, the samples are divided into four textural and lithologic subunits, 

determined by both field and petrographic observations. The samples of unit 8 have been subdivided 

into two subunits on the basis of field observation, field location, petrographic textures and lithology. 

Most of the plagioclase in the samples of lithologiC/flow units occur in three generations. 

However, in some samples only one or two generation(s) is present and in a few samples of the 

basaltic scoria and basalt none are present at all. The three generations consist of: 1) a few unstable 

phenocryst or microphenocrystwith inclusions and irregular or corroded margins, 2) stable phenocryst 

and/or microphenocryst subhedral laths with zoning, and 3) groundmass microlites. If only two 

generations are present they are the subhedrallaths and ground mass microlites. One generation of 

plagioclase consists of only ground mass micro lites. The majority of phenocrysts to microphenocrysts, 

are either olivine and clinopyroxene, clinopyroxene, or clinopyroxene and orthopyroxene. These 

minerals are euhedral to subhedral, nearly equidimensional crystals. The samples have varying 

degrees of pyroxene clustering and this variable glomeroporphyritic texture is responsible for the 

extent of porphyritic texture in the hand specimens. Some olivines and pyroxenes exhibit skeletal 

growth. The plagioclase microlites mostly dominate the ground mass and show either a subparallel 

to parallel alignment or a random orientation. The other principle ground mass constituent is glass 
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First basaltic andesite (unit 1) 
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This andesite has a hypocrystalline, microporphyritic to slightly porphyritic, slightly to 

moderately glomeroporphyritic, slightly trachytic and vesicular texture. Plagioclase occurs in three 

generations, the microphenocryst to phenocryst subhedrallaths amount to about 3 modal percent and 

have either normal or reverse zoning. Olivines and clinopyroxenes (augite) amount to less than 5 

modal percent with some of the olivines exhibiting skeletal growth; and some of the pyroxenes being 

clustered. There is also a trace amount of quartz which appears to be either secondary 

mineralization or a xenocryst; slightly irregular to rounded shaped grains. The ground mass is 

dominated by the plagioclase micro lites, about 65 percent, with some subparallel to parallel 

alignment Also anhedral grains of olivine and pyroxene, and a trace amount of anhedral Fe-Ti oxide 

are present The remaining ground mass is brown glass comprising approximately 25-30 percent 

Second basaltic andesite (unit 2) 

The texture of this andesite is holo- to hypocrystalline, microporphyritic to slightly porphyritic, 

moderately glomeroporphyritic, trachytic to microlitic and vesicular. Three generations of plagioclase 

are present and microphenocryst to phenocryst subhedrallaths (5-10 modal percent) appear to have 

either normal or reverse zoning. Clinopyroxenes (augite) are the dominant microphenocrysts and 

phenocrysts amounting to approximately 10-15 modal percent Olivine microphenocrysts and 

phenocrysts are also present and amount to less than 5 modal percent The pyroxenes are highly to 

moderately clustered and the glomeroporphyritic texture is responsible for this andesite being the 

most porphyritic appearing lithologic/flow unit Both the olivines and pyroxenes exhibit some skeletal 

growth. The groundmass is dominated by parallel aligned plagioclase micro lites, about 80-85 percent 

Also present in the groundmass is anhedral pyroxene and olivine, a trace amount of anhedral Fe-Ti 

Oxide and less than 5 percent brown glass. 
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Third basaltic andesite (unit 3) 

This andesite has a holo- So slightly hypocrystalline, microporphyritic to slightly porphyritic, 

slightly to moderately glomeroporphyritic, trachytic to microlitic and vesicular texture. The 

plagioclase is present in three generations with stable microphenocryst to phenocryst subhedrallaths 

amounting to less than 5 modal percent Oinopyroxenes (augite) and olivines are the primary 

microphenocrysts and phenocrysts, amounting to less than 5 modal percent each. Some of the 

pyroxenes and olivines show skeletal growth and a few of the pyroxenes are clustered. Plagioclase 

microlites dominate the groundmass comprising about 80-90 percent and show some parallel 

alignment Anhedral pyroxenes and olivines are present along with a minor amount of anhedral Fe

Ti oxides. The remaining groundmass is gray and brown glass and is less than 5 percent 

First andesite (unit 4) 

There are six subdivisions of this andesite derived from differences in hand specimen textures 

and colors, however they are grouped together based on a common stratigraphic position. The 

petrographic textures vary largely due to the amount of glass present and the degree of plagioclase 

microlite alignment Variation in mineralogy is primarily due to the presence or absence of 

plagioclase remnants and quartz. 

The texture of the andesite is holocrystalline or holo- to hypocrystalline or hypocrystalline, 

microporphyritic to very slightly porphyritic, slightly to moderately glomeroporphyritic, slightly 

trachytic to trachytic to microlitic, and moderately vesicular to vesicular. In two subunits plagioclase 

occurs in three generations and the stable microphenocryst subhedrallaths comprise about 2 modal 

percent The remaining samples have two generations of plagioclase, microphenocrysts and 

ground mass. The dominant microphenocrysts and few phenocrysts are c1inopyroxenes (augite), 

ranging from less than 5 percent to between 5 and 10 modal percent with many of them clustered 

and a few exhibiting skeletal growth. In the samples that contain remnant plagioclase, there is also 

present traces of quartz which appear to be either secondary or a xenocryst; they are slightly irregUlar 
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to rounded grains. Plagioclase microlites dominate the ground mass, vary from 50-90 percent and 

have either a random or subparallel alignmenL Present also are anhedral grains of pyroxene and Fe

Ti oxide. Some Fe-Ti oxides occur as coronas around a few microphenocryst pyroxenes or as partial 

replacement of a few pyroxenes having formed prior to ground mass plagioclase. The remaining 

ground mass is glass, ranging in color from gray to brown to red and in percentage from less than 1 

to 42. 

Second andesite (unit 5) 

The second andesite has three subdivisions based on textural differences, however there is 

no correlation between texture and stratigraphic poSition. These textures imply a variation in 

crystallization both prior to and during extrusion. The textural variation is primarily due to the 

amount of glass presenL 

The textures are hypocrystalline or hypo- to holocrystaUine or holocrystaUine, 

microporphyritic to moderately porphyritic, slightly to moderately glomeroporphyritic, moderately 

trachytic to trachytic and/or microlitic, and moderately vesicular to vesicular. Plagioclase is found as 

three generations in all but the holocrystalline rock. Phenocrysts or microphenocrysts of plagioclase 

amount to less than 5 modal percenL A few of the second generation plagioclases in the 

hypocrystaUine textures exhibit cuneiform crystal growth. The holocrystaUine samples have 

plagioclases as micro phenocrysts to phenocrysts and as ground mass microlites. The dominant 

microphenocrysts and phenocrysts in the hypocrystaUine and hypo- to holocrystalline samples are 

clinopyroxene (augite) and orthopyroxene. In the holocrystaUine texture, only clinopyroxene (augite) 

is presenL The amount of clinopyroxene increases and orthopyroxene decreases with increasing 

crystallinity (hypocrystalline: cpx < 5 percent and opx 5 - 10 percent, hypo- to holocrystalline: cpx 

5 - 10 percent and opx < 5 percent, and holocrystalline: cpx 5 - 10 percent and opx 0). In one 

sample of hypocrystalline rock, a rare stable euhedral to subhedral olivine phenocryst was identified 

and since no others were found it is presumed to be a xenocrysL The pyroxenes, mostly augite, are 
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clustered together and the degree of clustering varies between and within textural types. A few of 

the pyroxenes, again mostly augite, exhIbit skeletal growth. There is also a trace amount of quartz 

present, except for in the holocrystal1ine samples, and this appears to be secondary mineralization, 

having slightly irregular to rounded shapes that fully or partially occupy vesicles. The groundmass 

in the hypocrystal1ine and hypo- to holocrystal1inesamples is dominated by the plagioclase microlites, 

53 - 85 percent respectively, with a subparallel to parallel alignment The holocrystal1ine rocks have 

a ground mass which is at least 90 percent plagioclase micro lites. Gray and brown glass, present only 

in the hypocrystal1ine and hypo- to holocrystal1ine rocks, amount to 8 - 21 percent and less than 5 

percent respectively. Present also, in all samples, are anhedral pyroxenes and anhedral Fe-Ti oxides. 

Andesite dike (unit Sa) 

The andesitic dike has a hypocrystal1ine, microporphyritic to slightly porphyritic, slightly 

glomeroporphyritic, and very vesicular texture. Plagioclase occurs in two generations and the 

microphenocryst to phenocryst subhedrallaths amount to less than 5 modal percent Qinopyroxene 

(augite) and orthopyroxene are the dominant microphenocrysts and phenocrysts, amounting to 5 

percent and less than 2 modal percent respectively. Many of the clinopyroxenes are clustered 

together and a few exhibit skeletal growth. The ground mass is dominated by the plagioclase 

microlites (50 percent). Present also are anhedral grains of pyroxene, and trace amounts of anhedral 

Fe-Ti oxides. The remaining ground mass is brown glass (40 percent). 

Summit andesite (unit 6a) 

This andesite has a hypocrystalline to hypohyaline, micro porphyritic to very slightly 

porphyritic, slightly to moderately glomeroporphyritic, and moderately vesicular to vesicular texture. 

Plagioclase occurs in three generations with stable microphenocryst to phenocryst subhedrallaths 

amounting to less than 2 modal percent Clinopyroxenes (augite) are the dominantmicrophenocrysts 

and are less than 5 modal percent Some of the pyroxenes are clustered and some exhibit skeletal 

growth. The groundmass is dominated by plagioclase microlites, ranging from 30 to 50 percent, in 
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a relatively random arrangement Present also is anhedral pyroxene and a trace amount of anhedral 

Fe-Ti oxide. The remaining groundmass is brown and gray glass ranging from 30 to 50 percent 

Andesitie breccia (unit 6b) 

There are three distinct breccias identified at the summit of the volcano and defmitely 

indicate a disruption of earlier andesitic material, the identification of which is uncertain. The 

breccias vary in block sizes and color and have minor differences in petrographic textures and 

constituents. 

The first andesiticbreccia has clasts of two different textures: holocrystalline,microporphyritic 

and very slightly glomeroporphyritic and hypocrystalline, microporphyritic and slightly 

glomeroporphyritic. There is a general vesicularity to the clasts which are surrounded by intersertal 

material that has a hypocrystalline to microcrystalline, microporphyritic, very Slightly 

glomeroporphyritic and very slightly trachytic texture. The second breccia has clasts that are 

hypocrystalline, moderately glomeroporphyritic, microlitic, vesicular and either microporphyritic or 

microporphyritic to very slightly porphyritic with intersertal material that is hypohyaline to 

hypocrystalline, microporphyritic and moderately glomeroporphyritic. The clasts and intersertal 

material of the third breccia have a hypocrystalline to microcrystalline, micro porphyritic, slightly to 

moderately glomeroporphyritic and vesicular texture. The first breccia has plagioclase in three 

generations, with less than 5 modal percent microphenocryst The second and third breccia have only 

ground mass plagioclase. 

The dominant microphenocrysts of the fIrst breccia are clinopyroxenes (augite) amounting 

to less than 5 modal percent and there is about 2 modal percent olivine also present Some of the 

pyroxenes are clustered and a few olivines and pyroxenes exhibit skeletal growth. Both the second 

and third breccia are dominated by similar pyroxenes and in approximately the same amount, and 

neither has olivine present However, in the second breccia, the pyroxenes range from 

microphenocryst to near phenocryst with many appearing altered or replaced by Fe-Ti oxides and 
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none exhibiting skeletal growth. This suggests either a different crystallization path or later alteration 

in situ. 

The ground mass of the first breccia (clasts and intersertal material) is dominated by the 

plagioclase microlites (about 65 percent). These microlites have a relatively random orientation 

within the clasts and a subparallel alignment within the intersertal material This suggests two stages: 

1) early crystallization followed by a disruption and 2) later crystallization prior to extrusion. Also 

present is anhedral pyroxene and olivine, a minor amount of anhedral Fe-Ti oxide and about 10 

percent clear to gray glass. The ground mass of the second breccia is dominated by either plagioclase 

micro lites (40 - 85 percent), QI red and red to brown glass (10 - 55 percent). The crystallization of 

the microlites is identical to the first breccia. Present also in the groundmass are anhedral pyroxenes 

and Fe-Ti oxides. The third breccia has a groundmass that is dominated by the plagioclase micro lites 

(about 60 percent) which have a random orientation both in the clasts and intersertal material. The 

remainder is composed of anhedral pyroxenes, trace amounts of Fe-Ti oxides and 30 percent gray 

and brown glass. 

Andesitie plug (unit 6c) 

This andesite has a hypo- to holocrystalline, microporphyritic to Slightly porphyritic, slightly 

to moderately glomeroporphyritic, and vesicular texture. The plagioclase occurs in three generations 

with less than 2 modal percent stable microphenocryst to phenocryst subhedrallaths. The dominant 

microphenocrysts and few phenocrysts are clinopyroxenes (augite) and amount to about 5 - 10 modal 

percent Some pyroxenes are clustered together and a few exhibit skeletal growth. The groundmass, 

Slightly microcrystalline, is dominated by plagioclase micro lites, about 90 percent, in a relatively 

random arrangement Present also is anhedral pyroxene, a trace amount of anhedral Fe-Ti oxide and 

less than 5 percent gray glass. 

Saddle andesite (unit 6d) 

The texture of this andesite is hypo- to holocrystalline, microporphyritic, slightly to 
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moderately glomeroporphyritic, and slightly vesicular. The plagioclase occurs in two generations and 

the stable microphenocryst subhedrallaths amount to less than 2 modal percent Clinopyroxenes 

(augite) are the dominant microphenocrysts, amounting to about 5 modal percent with some clustered 

together and some exhibiting skeletal growth. In a microcrystalline ground mass, fine plagioclase 

microlites (85 - 90 percent) dominate and occur in a relatively random arrangement Also present 

is anhedral pyroxene, a trace amount of anhedral Fe-Ti oxide and a trace to less than 5 percent gray 

glass. 

Basaltic scoria and basalt (unit 7) 

The red scoria from the small cinder cone on the west side of the volcano has a 

hypocrystalline to hypohyaline, microporphyritic to slightly porphyritic, slightly to moderately 

glomeroporphyritic, and very vesicular texture. Plagioclase occurs in three generations with less than 

5 modal percent subhedrallaths. The dominant micro phenocrysts to phenocrysts are clinopyroxenes 

(augite)(5 -10 modal percent) and olivines « 5 modal percent). Skeletal growth is exhibited by both 

the pyroxenes and olivines and a number of pyroxenes are clustered together. The ground mass is 

composed of plagioclase microlites (40 - 60 percent) and brown and red glass (20 - 50 percent). The 

micro lites have a somewhat random orientation. Present also are anhedral pyroxenes and olivines 

and minor amounts of Fe-Ti oxides, some of which formed coronas around a few of the olivines. 

The red to black scoria, from the east cone, has a texture that is hypo- to holohyaline, 

cryptocrystalline, microporphyritic and very vesicular. Present are stable microphenocrysts of 

pyroxene and olivine amounting to less than 5 percent each. All of the pyroxenes and olivines have 

coronas of Fe-Ti oxide which appears to have occurred during extrusion. The ground mass is 

dominated by red to brown glass (70 - 75 percent). Also present in the groundmass are anhedral 

pyroxenes and olivines, anhedral Fe-Ti oxides and traces of plagioclase. 

Glassy scoria, also from the east cinder cone, has a holo- to slightly hypo hyaline, 

cryptocrystalline, microporphyritic and vesicular texture. The microphenocrysts are olivines (about 
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10 percent) and pyroxene laths « 2 percent). The olivines have been altered or resorbed with 

inclusions of opaques suggesting some instability prior to extrusion. The groundmass is composed 

of about 90 percent brown to black glass. Also present are anhedral olivines and pyroxenes. The 

glass, which likely contains a fair percentage of Fe-Ti oxide, has a convoluted structure suggesting 

turbulent flow during crystallization. 

The basalt forming the base of the east cone has a hypocrystalline, partially microcrystalline, 

microporphyritic, very slightly g1omeroporphyritic and vesicular texture. The minerals present are 

olivine (10 percent) and pyroxene « 2 percent) microphenocrysts. The olivines are rimmed by Fe-Ti 

oxide, which occurred prior to extrusion. The groundmass is composed of microcrystalline olivine 

and pyroxene (about 40 percent) and anhedral plagioclase (about 30 percent). There is also anhedral 

Fe-Ti oxide and green glass, each about 15 percent. The oxides are generally opaque, however there 

are a few red and translucent needle-like crystals that may be rutile. 

Basaltic dikes (unit 8b) 

The textures of the basaltic dikes are: 1) hypocrystalline, cryptocrystalline, microporphyritic to slightly 

porphyritic, slightly glomeroporphyriticand moderately vesicular, 2) hypocrystalline, cryptocrystalline 

to microcrystalline, microporphyritic and vesicular and 3) holocrystalline to hypocrystalline, 

microcrystalline, micro porphyritic to slightly porphyritic, and slightly glomeroporphyritic. Olivines and 

clinopyroxenes (augite) are the dominant microphenocrysts and phenocrysts. The mineral abundance 

ranges from 5-15 modal percent for olivines and less than 2 to 5 modal percent for pyroxenes. In 

one dike, some of the pyroxenes are clustered together. The olivines may exhibit skeletal growth 

and a few olivines and pyroxenes have alteration coronas of Fe-Ti oxides. The groundmass is 

dominated by either microcrystalline olivine and/or pyroxene, or glass. There is no crystalline 

orientation, which would follow with crystallization occurring during intrusion. The glass ranges from 

a trace amount to 40 percent of the ground mass. Also present is plagioclase (15 - 20 percent) and 

a minor amount of anhedral Fe-Ti oxide. 



40 

PARAGENESIS 

The basaltic andesites, andesites and andesitic dike 

Field interpretations indicate a series of lithologic/flow units that emanated from a common 

central vent The petrographic analysis indicates that the successive lithologic/flow units exhibit a 

changing mineralogy, from olivine and clinopyroxene to clinopyroxene to clinopyroxene and 

onhopyroxene as the dominant phenocrysts and microphenocrysts. It can be infered from this 

changing mineralogy that a differentiating parent magma was present Therefore, without any 

evidence to suggest multiple magma chambers or multiple batch melts, the Sierra Grande volcano 

was the product of successive extrusions from a single differentiating magma. 

The first mineral phase to crystallize in the magma was the corroded plagioclase phenocrysts 

to microphenocrysts found in both the basaltic andesites and andesites. These are interpreted as 

remnants of an early crystallization in the magma at higher pressure, which remained dispersed 

throughout the chamber and had begun to readjust to equihorium prior to extrusion. The 

plagioclases are single, rather sparse and are some of the largest crystals, which originally had nearly 

euhedral shapes but had been subsequently resorbed, as inferred from their irregular or corroded 

margins. 

The mineral phases to crystallize next were: in the basaltic andesites - olivine, clinopyroxene 

and a second generation of plagioclase; in the first andesite - clinopyroxene and a second generation 

of plagioclase; and in the second andesite - clinopyroxene, onhopyroxene and a second generation 

of plagioclase. Crystallization of the olivines and clinopyroxenes in the basaltic andesites and of the 

clinopyroxenes and orthopyroxenes in the second andesite were contemporaneous, respectively, as 

euhedral to subhedral and equidimensional phenocrysts to microphenocrysts. The skeletal forms of 

several olivines and clinopyroxenes in the basaltic andesites and of several clinopyroxenes in the 

andesites, which are intergrown with the groundmass and groundmass plagioclase, suggests a period 
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of rapid crystallization that continued to just prior to extrusion. The clustering of many 

clinopyroxenes in the lithologiC/flow units would indicate the onset of accumulation. The second 

generation of plagioclase was nearly contemporaneous with the olivines and/or pyroxenes, as stable 

nearly equidimensional and less abundant subhedral phenocrysts to microphenocrysts. The first 

crystallization phases of clinopyroxene, orthopyroxene and a second generation of plagioclase in the 

andesitic dike would suggest a co-genetic relationship with the second andesite. 

The last mineral phases to crystallize in the basaltic andesites, andesites and the andesitic 

dike were the ground mass plagioclases (microlites), anhedral olivines and/or pyroxenes, and Fe-Ti 

oxide minerals. The olivine and/or pyroxene, and the plagioclase are nearly contemporaneous, as 

inferred from their approximately equal size. The parallel, subparallel or random orientation or the 

plagioclase microlites, in the basaltic andesites and andesites, indicate that they formed just prior to, 

during or after extrusion respectively. The Fe-Ti oxide minerals were either contemporaneous as 

anhedral grains surrounded by plagioclase, slightly later as intersertal grains between plagioclase 

crystals or much later as partial alteration or replacement of earlier olivines and/or pyroxenes. The 

interstitial glass was the last to form as the lavas and dikes cooled upon extrusion and intrusion, 

respectively. 

TIle basaltic scoria, basalt and basaltic dikes 

The composition of the cones and associated dikes (based on petrographic analyses) and the 

spatial and age relationship to the volcano (based on field interpretation) would suggest that the 

peripheral volcanics are unrelated to the magma chamber of Sierra Grande. Therefore, the basaltic 

cinder cones and associated basaltic dikes formed from a separate magma or magmas that extruded 

and intruded, respectively, around the perimeter of Sierra Grande. 

The mineral phases to crystallize first were: in the basalt - olivine; in the basaltic scoria and 

basaltic dikes - olivine, clinopyroxene and in a few samples a minor amount of plagioclase. The 

olivines and pyroxenes of the scoria and dikes are nearly contemporaneous, as inferred from their 
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euhedral to subhedral shape and equidimensionalsize. Some of the olivines and clinopyroxenes in 

the basaltic scoria and basaltic dikes exhibit skeletal growth suggesting a period of rapid crystallization 

prior to extrusion. The basaltic scoria, basalt, and basaltic dikes have very little if any plagioclase 

phenocrysts to microphenocrysts; in those samples that do, the plagioclase is nearly 

contemporaneous with the olivine and pyroxene, as subhedral and nearly equidimensional crystals. 

A trace amount of a remnant plagioclase is present in one sample of basaltic scoria from the west 

cinder cone and is not found in the remaining basaltic scoria nor the basalt or basaltic dikes. This 

could support the possibility that each cone and associated dike(s) are from separate magmas. 

The last mineral phases to form in the basalt, basaltic dikes, and most of the basaltic scoria 

were the ground mass plagiocIases, anhedral olivines and pyroxenes, and Fe-Ti oxide minerals. The 

plagioclase, olivine and pyroxene are nearly contemporaneous,as equidimensionalgrains. The Fe-Ti 

oxide minerals mostly form late alteration coronas around some of the olivines, particularly in the 

basalt The last to form upon extrusion in these lithologic/flow units was glass, which is the dominant 

and only other constituent, besides the earlier phenocrysts and microphenocrysts in the most glassy 

scoria. 
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MINERALOGY 

Microprobe analyses of the lithologic/flow units support the petrographic interpretation that 

the lavas of Sierra Grande originated from a source different than that for the peripheral cones and 

associated dikes. Further, compositional changes between mineral phases of successive lithologic/flow 

units indicate that the parent magma of the volcano experienced a degree of differentiation. 

Sierra Grande lavas and andesitic dike 

olivine 

Olivine crystals are present as phenocrysts and microphenocrysts, as well as in the 

groundmass of several lithologic/flow units of Sierra Grande in contrast to the fmdings of Stormer 

(1972b). They occur in the basaltic andesites, but in the andesites and andesitic dike none were 

observed petrographically or detected by microprobe analyses, with the exception of one crystal in 

one sample of the second andesite, which has been proposed as being a xenocryst The olivines of 

the basaltic andesites (units 1, 2 and 3) are very Mg-rich (F07~91) and the majority of the cores have 

compositions of F082 to Foss. A stratigraphical upward trend of Mg depletion can be inferred 

between the successive basaltic andesites and a plot of core averages supports this fractionation trend, 

at least between the first and third basaltic andesites (Figure 3). The single olivine in one second 

andesite sample is nearly identical to the olivines in the flrst basaltic andesite and is considered to 

be an oddity and will not be discussed further. 

pyroxene 

Although references to Sierra Grande by Stormer (1972b & 1987) would suggest that most 

of the volcano is composed of a two-pyroxene andesite (augite and orthopyroxene), only the largest 

and apparently the most viscous flow, the second andesite, contains two pyroxenes. Analyses indicate 

that the andesites contain either augite or augite and enstatite. Pyroxene compositions were 
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calculated, in mole percent, using the method of Lindsley and Anderson (1983). This method 

accounts for the effects of non-quadrilateral components allowing compositions to be expressed as 

mole fractions of En, Wo and Fs. The non-quadrilateral components such as Ti and AI were 

relatively low, .2 - .7 mol% and 1 - 3 mol% respectively, and have essentially no effect on end 

member composition. 

Augites are the dominant phenocrysts in the basaltic andesites and andesites. The 

compositions of cores and margins range between En49-6Ot W034-« and FSS_1b with most augites 

averaging around Ens), W039 and Fss. The augites of the first basaltic andesite and the andesitic dike 

are much more Mg-rich than the flows that followed or preceded, respectively (Figure 4). There is 

a stratigraphic upward trend of Mg depletion between the successive basaltic andesites and andesites 

and from a plot of core averages for the lithologic/flow units (Figure 4) a fractionation trend between 

the first basaltic andesite and the third basaltic andesite can be distinguished. An overall trend for 

the successive flows is probable, albeit slight 

Enstatite phenocrysts occur only in a few samples of the second andesite and in the andesitic 

dike (Figure 4). The enstatites have a large variation in composition (En63-84' WoH • FS13_3S)' Most 

of the cores and margins of the enstatites have nearly the same composition (En80-84. W02-4, FS13_17) 

while a few have cores that are slightly to very Fe-rich compared to their margins, (En63-7), WOl _2, Fs2S_ 

)S and En78-8O> W03, FS17_19 respectively). These few enstatites with pronounced reverse zoning occur 

in only two samples of the second andesite; the cores are hypersthene to bronzite, based on the 

classification of Deer, Howie and Zussman (1983). 

plagioclase 

The plagioclase is the least abundant phenocryst in the basaltic andesites and andesites. The 

majority of plagioclase crystals occur as ground mass microlites. The relatively few phenocrysts 

identified by petrography are; some sparsely distributed crystals slightly larger than the micro lites 

and the much larger and sparsely distributed remnant crystals with irregular shapes and corroded 
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margins. Microprobe analyses show very little compositional difference between non-remnant 

plagioclase phenocrysts and ground mass micro lites. The first basaltic andesite contains labradorite 

(An61-66) while the remaining basaltic andesite and the andesite plagioclases have cores that range 

from labradorite to bytownite (AnS+81)' A stratigraphic upward trend in Ca depletion is evident and 

a fractionation trend is supported by a plot of core averages, excluding the remnant 

phenocrysts/micro phenocrysts (Figure 5). This fractionation trend, however, is apparent only from 

the second basaltic andesite through the second andesite, while between the fIrst and second basaltic 

andesite there is a substantial enrichment of Ca; this will be discussed later. The remnant 

plagioclases in the basaltic andesites and andesites have cores that range from oligioclase to 

labradorite (Anl 9-S7)' 

quartz 

Quartz was identifIed in a few samples of each lithologiC/flow unit and are isolated, 

translucent and rounded grains that appear to be either secondary mineralization or inclusions 

(xenoliths). The quartz grains are considered unrelated to the parent magma, particularly in relation 

to the olivines of the basaltic andesites. It can be inferred from the petrography that there is the 

possibility of contamination from the intruded sedimentary country rock, most likely the Dakota 

Sandstone. 

Fe-Ti oxide 

Microprobe analyses of the Fe-Ti oxides indicate some variation between and within samples. 

There were no oxide phases found to be in equilibrium contact. All analyses recorded aU Fe as FeO. 

A method to adjust wt% and determine FeO and Fe20J was accomplished from a procedure outlined 

by Stormer (1983). The result changed the weight percent totals from 90 - 95 percent to 96 - 101 

percent. The Fe-Ti oxides analyzed were primarily ilmenite and magnetite with some gradation in 

composition to hematite and ulvospinel, respectively. 
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Peripheral cones and the dikes 

There is a problem with a limited stratigraphic correlation between peripheral cones and 

associated dikes. Therefore, extending any trend between the cones and dikes is difficult and 

subjective. 

olivine and pyroxene 

The Mg content of the olivine cores from the east cinder cone scoria and basalt is generally 

higher than those of Sierra Grande (Figure 3). Olivines of the basaltic dike associated with the east 

cone have a lower Mg content indicating that the dike may be younger than the cone. The west 

cinder cone scoria and the NW basaltic dikes have olivine cores with a Mg content similar to those 

in the lavas of Sierra Grande. The olivines of the scorias and basalt of the east cone have cores with 

substantially higher MgO/FeO ratios than the olivines in the lavas of Sierra Grande; most of the 

cores range between Foss and Fo92• The dikes, however, have cores with compositions between FoS4 

and FOs7 similar to the lavas of the volcano. 

Augites are the second most abundant phenocrysts in the basaltic scoria, basalt, and basaltic 

dikes. Microprobe analyses show that the augites of the scoria and basalt have a Mg content similar 

to the augites of all but the earliest flow of Sierra Grande (Figure 4); they have a lower Mg content 

than the augites in the first basaltic andesite. The basaltic dikes have augites that are generally lower 

in Mg than those in the lavas of Sierra Grande (Figure 4). In addition, the augites of the scoria, 

basalt, and basaltic dikes were found to be generally more Ca-rich than the augites in the Sierra 

Grande andesitic lavas. The difference in the Mg content of the augites between the scoria and 

basalt, and the associated basaltic dike of the east cinder cone indicates that the dike may be younger 

that the cone, and may suggest a stratigraphic upward trend of fractionation. 

plagioclase and Fe-Ti oxide 

The scoria and basaltic dikes have even fewer plagioclase phenocrysts and ground mass 

microlites than the lithologic/flow units of the volcano, and any stratigraphic trend is inconclusive due 
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to the correlation problem. However, the plagioclases from the cones and associated dikes are 

generally Ca-rich. The composition of the plagioclase is bytownite (An71-76) in the scoria, and is either 

labradorite (AnS6-68) to bytownite (AnSl-82) in the basaltic dikes. 

The Fe-Ti oxides have the same range of composition as those in the lithologic/flow units 

of Sierra Grande: mostly ilmenite and magnetite with a gradation to hematite and ulvospinel 

respectively. Several of the magnetites in the basaltic dikes are Cr-rich (4 - 7 wt% Cr20J) and a few 

are very Cr-rich (13 and 19 wt% Cr20J). 
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GEOTHERMOMETRY 

Microprobe analyses resulted in the evaluation of two geothermometers, using Fe-Ti oxides 

and coexisting pyroxenes, for the lavas of Sierra Grande. The only lithologic/flow units with both 

geothermometers present are the second andesite and the andesitic dike. Temperatures, using Fe-Ti 

oxides, were calculated by a method outlined by Stormer (1983). In the second andesite, only one 

pair of ilmenite and magnetite was found to be touching. Therefore an assumption was made, based 

on the petrography, that the majority of Fe-Ti oxides appear to have formed during the crystallization 

of the groundmass in relative equilibrium. Few samples from the lithologic/flow units contained both 

ilmenite and magnetite. Most analyses gave data that could not be plotted or plotted accurately, 

therefore either the assumption was in error, the Fe-Ti oxide minerals have been altered or the 

analyses were invalid. A couple of data points from Fe-Ti oxides in the second andesite that could 

be plotted on a Spencer-Lindsley diagram gave late crystallization temperatures between 820-880 0 C. 

The geothermometry evaluation of the Fe-Ti oxides for second andesite of Sierra Grande was 

therefore incomplete and questionable. 

The most useful geothermometry data was from the two pyroxenes in several of the samples 

of the second andesite and in the andesitic dike. Two-pyroxene geothermometry calculations were 

made using two separate methods: one outlined by Lindsley (1983) and the other proposed by Kretz 

(1981). The procedure by Lindsley (1983) uses the projection of pyroxene end-members, allowing 

for the effect of non-quadriIateral components, and applies them to natural systems. This is an 

empirical method, which is useful for pyroxenes with a total of quadrilateral components greater than 

90%, appropriate for the pyroxenes of Sierra Grande. The procedure of Kretz (1981) uses two 

thermometry equations (temperature dependence): one based on the distribution coefficient of Mg

Fe, and the other using the transfer reaction/exchange of Ca between cIinopyroxenes and 

orthopyroxenes. The second set of equations was used for the Sierra Grande samples because of a 
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potential for the over estimation of temperature in the fIrst thermometry equation, as suggested by 

Lindsley (1983) and confIrmed in preliminary calculations. The resulting temperatures from the 

clinopyroxenes at 1 atmosphere were plotted as Kretz vs. Lindsley (Figure 6 and 7). The correlation 

between the two methods was relatively good and the scatter can be attnbuted primarily to the 

diffIculty in making temperature determinations from Lindsley's empirical graphs and the fact that 

the Kretz calculations were based on Fe-free pyroxenes; the pyroxenes of the analyzed samples were 

very low in Fe but not Fe-free. Temperatures for the second andesite, based on either calculation 

method, were found to range generally from 1160 °C to 960 °C for the cores and 1140 °C to 960 

°C for the margins. A margin of error for either method is approximately +1- 50°C. These ranges 

are acceptable temperatures for andesitic lavas, although they are rather broad, and using 1-

atmosphere results in at least a minimum temperature range. Further geothermometry calculations 

will be required to narrow the range for the crystallization temperatures of the mineral phases 

(oIivines, pyroxenes, and plagioclase). This will require whole rock chemical analyses of the other 

lithologiC/flow units as well as the second andesite. At present the core temperatures can be used 

as a reasonable approximation of crystallization temperatures. 
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DISCUSSION 

Successive olivine compositions suggest a fractionating trend among the early Iithologic!tlow 

units of Sierra Grande. Mafic rocks, such as peridotite are characterized by very Mg-rich olivines 

(F088) (Deer et aL, 1983). Common basaltic lavas, which are typically Mg-rich, have olivines F06s-80 

(Carmichael et aL, 1974). Basalts, basaltic andesites, and andesites of orogenic low K and calc

alkaline suites have olivines that range F07l),8S, and basaltic andesites and andesites of orogenic high 

K and shoshonite suites have olivines that can be either as Mg-rich or more Fe-rich (Ewart, 1976). 

Olivines with <Foss are rarely found in orogenic andesites, except for occasional margins, but are 

often found in anorogenic andesites (Gill, 1981). According to Gill, the absence of such Fe-rich 

olivines in orogenic andesites suggests insufficient magmatic Fe enrichment. The basaltic andesite 

lavas of Sierra Grande therefore have olivine compositions that would suggest a magmatic source rich 

to very rich in Mg and similar in composition to the sources for orogenic volcanics. However, the 

tectonic environment of the volcano is not of an orogenic style and therefore some parameter of the 

magma source or generation must be limited to this volcano of the Raton-Clayton field. The 

completely andesitic composition of the volcano would suggest a differentiated magma with only the 

siliceous melt extruded. There is also no direct correlation in terms of olivine and pyroxene 

compositions between the basaltic andesites of the volcano and the scoria, basalt, and basaltic dikes 

of the cinder cones. In fact, the peripheral volcanics are not only stratigraphically younger but 

contain pyroxenes and some olivines that are more Mg-rich which infers a more mafic source. It 

could be suggested, therefore, that the cones and associated dikes originated from either a separate 

SOurce altogether, an influx of the original parental magma with very little fractionation, or a more 

mafic residual of the originally fractionated source; this will require further investigation. 

The majority of the augites and enstatites analyzed in the lithologiC/flow units of the volcano 
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have compositions that fall within the general parameters for clinopyroxenes (En4C).ss, W038-so. Fs7_2o) 

and orthopyroxenes (En70.8S, W~_s) respectively, in orogenic andesites as descnbed by Gill (1981). 

The pyroxenes of each stratigraphically younger unit become generally more depleted in Mg 

(enriched in Ca and slightly enriched in Fe). The overall variation and scattering of data between 

flow units within larger lithologiC/flow units is a function of individ ual flow composition and was not 

investigated in this study. Such a variation are the hypersthene cores in the second andesite which 

are similar to those reported by Stormer (1972b) but were not consistently found throughout the 

andesite. The presence of two pyroxenes (augite and orthopyroxene) in an andesite would indicate 

a change in pressure during one stage of differentiation from a basaltic magma. An increase in 

pressure, under anhydrous conditions, on a basaltic magma causes the olivine phase volume to grow 

smaller while the augite and orthopyroxene phase volumes are enlarged (Grove and Kinzler, 1986). 

This allows the pyroxene minerals to coexist during differentiation and accounts for the eventual 

absence of olivine, typical of andesites in an orogenic environment Under hydrous conditions the 

effect of increasing pressure is just the opposite; olivine becomes more dominant and the pyroxenes 

phase volumes grow farther apart (Grove and Kinzler, 1986). The petrographic analyses of the two

pyroxene andesite of Sierra Grande showed that the augites and orthopyroxenes were 

contemporaneous and that olivine is absent as phenocrysts and in the ground mass. The initial 

presence of early formed plagioclase, which is discussed later, and the partial dominance of olivine 

in the basaltic andesites compared to the subsequent one- and two-pyroxene andesites would suggest 

an upper mantle source initially under a hydrous condition. 

The andesitic lavas of Sierra Grande do not contain a majority of plagioclase phenocrysts 

with compositions less than AnSo. characteristic of anorogenic andesites (Gill, 1981). The change in 

the plagioclase An composition between the first and second basaltic andesites and the successively 

younger flows suggests three possible causes; 1) that there was contamination from the country rock 

by assimilation after the extrusion of the flI'St basaltic andesite, 2) that there was a different source 
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for the first basaltic andesite than that for the later basaltic andesites and andesites, or 3) that after 

the differentiation of the parent magma which produced the fll'St basaltic andesite, the residual was 

left enriched in Ca prior to further differentiation and subsequent extrusion of successive flows. The 

first case it is very unlikely. Such an increase would require a lot of assimilated rock (without being 

superheated), which would depress the melting temperature of the remaining magma, induce 

crystallization and stop fractionation. The second case may be possible, however, the good 

correlation for the fractionation trends of the olivines and pyroxenes in the older units would tend 

to contradict this poSSibly. Fmally, the third case could be possible if there was an appreciable water 

loss after an initial fractionation. That is, that the magma experienced a decline in hydrostatic 

pressure associated with its ascension. This is a major factor in magmatic resorption of plagioclase 

(Vance, 1965). The presence of the remnant plagioclases in most all samples and their lower An 

values would suggest that with the loss of hydrostatic pressure after the fractionation of the first 

basaltic andesite the subsequent residual magma became Ca enriched followed by a normal trend of 

Ca depletion with each subsequent flow unit The few plagioclases in the scoria, basalt and basaltic 

dikes of the peripheral volcanics are either more Ca-rich or as Ca-rich as the fll'St basaltic andesite 

of Sierra Grande. This could also suggest, as previously mentioned concerning the olivines, a second 

magma source or the introduction of new ill: residual material 

A possible scenario for the lavas of Sierra Grande would be as follows; fll'St an upper mantle 

source, Mg rich and under a hydrous condition which began to differentiate with the crystallization 

of early plagioclases, with lower An values, Mg-rich olivine and augite (first basaltic andesite), then 

a drop in hydrostatic pressure and change over to a anhydrous condition under relatively moderate 

pressure with the crystallization of olivine, augite and more An-rich plagioclase (second and third 

basaltic andesites), next the absence of olivine, the dominance of augite and the crystallization of 

increasingly less An-rich plagioclase (fll'St andesite), and fmally the crystallization of coexisting augite 

and orthopyroxene and less An-rich plagioclase (second andesite). 
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Comparisons to the surrounding volcanics 

Based on the composition comparison of olivine, pyroxene and plagioclase in this study with 

those found in the other volcanics of the Raton-Clayton field it is suggested that the lithologic/flow 

units of Sierra Grande and peripheral cones originated from different sources than those of the 

surrounding field. 

A comparison of olivine compositions was made between those analyzed by Stormer(1972b) 

for the Raton-Clayton field and those analyzed in this study. The FeO and Cao wt% values of 

representative olivines of the basaltic andesites of Sierra Grande and the peripheral volcanics were 

plotted along with three representative trends for the surrounding volcanics. The trends for the 

surrounding volcanics were taken from Figure 2 in Stormer (1972b). Stormer's data are from 

phenocryst centers, phenocryst rims, and groundmass compositions while the Sierra Grande data are 

from matChing cores and margins. The Sierra Grande lavas (Figure 8) show that the basaltic 

andesites have a trend similar to the Raton-Clayton and Capulin basalts, although they are lower in 

FeO content and subsequently are more Mg-rich. The scorias and basalt have olivines (Figure 9) 

which exhibit either an Fe enrichment trend similar to the Raton-Clayton and Capulin basalts Q! a 

Ca enrichment and slight Fe depletion trend. The latter has no similarities to any of the surrounding 

volcanics analyzed by Stormer (1972b). The basaltic dikes have olivines that exhibit two trends; one 

similar to the Raton-Clayton and Capulin basalts, and another having the same Ca enrichment and 

slight Fe enrichment as the Feldspathoidal lavas. It should be noted that the samples of this study 

did not contain any feldspathoids. 

The pyroxenes of Sierra Grande appear to be different than those of the surrounding field. 

There was no direct comparison made between the pyroxenes of this study and those analyzed by 

Stormer (1972b) for the Raton-Clayton field because the microprobe data are in depository and were 

not obtained. Also, Stormer reported that many of the pyroxenes he analyzed, in the surrounding 

volcanics, had high amounts of AI and Ti (9.9 and 2.8 percent respectively) which required the 
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plotting of recalculated values of Mg, Ca and Fs, and Stormer stated that the proportions were 

inconsistent with molecular proportions for principle components. The augites of this study, however, 

had less AI and Ti (1 - 5 and .2 - 1.2 wt% respectively) and there was no difficulty with non

quadrilateral components in calculating end-member compositions. Therefore any direct comparison 

would be questionable. In comparing the quadrilateral position of the augites, those in the lavas of 

the surrounding field (Stormer, 1972b) are more Fe-rich than those analyzed in this study for Sierra 

Grande. Those that Stormer analyzed for Sierra Grande are less Ca-rich that those in this study. 

The augites of the peripheral volcanics are less Fe-rich but as calcic as those of the Raton-Clayton 

basalt, the Red Mountain dacites and the Felspathoidallavas. 

A composition diagram, based on An mol% values for the plagioclase groundmass and 

phenocrysts cores and margins, were compared to general compoSitional ranges of plagioclase 

groundmass and phenocryst rims, taken from Figure 4 in Stormer (1972b) for the Raton-Clayton field 

(Figure 10). What was found to be most interesting was that the plagioclases of the lithologic/flows 

units of Sierra Grande are generally more Ca-rich than most of those of the surrounding volcanics. 

Those closest in content are the feldspathoidallavas, however, again no feldspathoids were identified 

by petrographic or microprobe analyses in the samples of this study. Also, from Stormer's diagram, 

the compositional range of plagioclase of Sierra Grande should be somewhere between An39 and 

AnS6• However, from the more complete sampling of the present study it was found that a majority 

of plagioclase phenocrysts fall within a range of AnS0-76 and only a few are below AnS6 (Figure 10). 

Those that do fall within the compositional range adapted from Stormer, are primarily a few 

plagioclase phenocrysts that exhibit reverse zoning and the plagioclase remnants discussed previously. 
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SUMMARY 

A comparison in olivines, pyroxenes and plagioclases between successive lithologic/flow units 

of Sierra Grande indicate a general fractionation trend of one magmatic source and a separate source 

for the peripheral volcanics. Without information from bulk chemical analyses, the mineralogy 

determined by the microprobe has shown to be the most useful aid in distinguishing rock types and 

a classification has been made using petrography, microprobe data and field observation. 

The closest analogy to the lavas of Sierra Grande are the basaltic andesites and andesites 

of the low K and calc-alkaline suites. The general composition of the basaltic andesites and andesites 

in orogenic calc-alkaline suites is: calcic plagioclase, augite, orthopyroxene, titanomagnetite and +/

Mg olivine, with homblendeand biotite becoming frequent in the andesites and plagioclase being less 

Ca rich in the basaltic rocks (Ewart, 1976). Yet, unlike typical orogeniC lavas, those of Sierra Grande 

are modally closer to anorogenic equivalents in the abundance of phenocrysts. In anorogenic basalts, 

basaltic andesites, and andesites, phenocrysts are generally 4 to 10% by volume while phenocrysts of 

orogenic rocks tend to be > 20% by volume (Ewart, 1976). The phenocrysts in the Sierra Grande 

basaltic andesites and andesites are on average 5- 10% modal Therefore, mineralogically Sierra 

Grande lavas appear orogenic, while modally and tectonically they are anorogenic. 

Sierra Grande, therefore, is an andesitic volcano (basaltic andesites, andesites and andesitic 

breccia), composed of transitional (anorogenic/orogenic) calc-alkaline lava formed by the partial 

melting of an upper mantle source (peridotite) that experienced differentiation with the most siliceous 

melt extruding to the surface. The minimum temperature for the andesites during extrusion or 

intrusion, based on two-pyroxene geothermometry, was found to be between 1160 and 960 ° C +/-

50 °C. The conduit for these extrusions may coincide with the older vent for the Clayton basalts. 

The basaltic andesites are porphyritic and trachytic and composed of phenocrysts of augite, Mg-rich 

olivines and calcic or very calcic plagioclase. The andesites are porphyritic and trachytic, and 

composed of augite or augite and enstatite, and calcic plagioclase. The end of the volcano's activity 
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is marked by an event of andesite accumulation and pyroclastic extrusions which modified the 

summit. 

The peripheral cinder cones and associated dikes are calc-alkaline basaltic rocks derived from 

either a completely separate source, a secondary pulse of the parent magma that had not experienced 

the previous path of differentiation or the mafic residual melt after fractionation. This magma for 

the peripheral volcanics was likely obstructed by the earlier andesitic magma chamber and extruded 

around the perimeter of the volcano through fractures in the underlying sedimentary strata and 

Precambrian basement. 
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APPENDIX A SEDIMENTARY STRATIGRAPHY 

The sedimentary lithology of the Raton Basin and northeastern New Mexico is summarized 

below. Modified after Potter (1988). 

Name or rock type Thickness (m) 

Quaternary 

Tertiary 

Cretaceous 
Upper 

alluvium &. colluvium 

Ogallala Formation 

Vermejo Formation 

Trinidad Sandstone 

Pierre Shale 

Niobrara Formation 
Smokey Hill Shale Mbr. 

Fort Hays Limestone Mbr. 

Carlile Shale 

Greenhorn Limestone 

Graneros Shale 

0-46 

0-62 

15 - 30 

542 - 588 

257 - 288 
247 - 277 

9 -11 

51 

40 

23 

Descriptions 

unconsolidated 

poorly consolidated, light brown 
silt, sand and gravel 

interbedded coal, shale, siltstone 
and sandstone 

light gray to yellowish gray fme to 
medium quartzose sandstone 

olive shale with limestone and 
sandstone at top 

yellowish-gray to gray, silty 
calcareous shale, sandy shale and 
limestone 

gray, massive, dense limestone 3 -
26 in beds (8 - 66 em) 

dark gray, silty, with both 
calcareous and non-calcareous 
members 

massive, dense 1 -14 in (2.5 - 3.5 
em) thick beds separated by silty 
shale 

dark-gray, blocky, noncalcareous 
shale with bentonite layers and a 
basal limestone layer 



Cretaceous 
Upper 

Lower 

Jurassic 

Triassic 
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Name or rock type Thickness em) 

Dakota Sandstone 24 -40 

Purgatoire Formation 23 - 37 

Morrison Formation 150 
(includes Bell Ranch Formation 
and Exeter Sandstone) 

Dockum Formation 150+ 

Descriptions 

white to light gray or orange rme 
to medium grained ~-stratified 
quartz sandstone with 
conglomera teand lenticularshale 
layers 

dark-gray silty shale (upper) and 
fine to medium grained 
crossbeddedquartzosesandstone 
(lower) 

veriDbred c:alcareom SillStone am 
claystone interbedded with thin 
fine to medium grained sandstone 

reddish-brown to light brown 
samstone with minor oongIomerate 
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APPENDIX B ALTERNATIVE CLASSIFICATION 

(Taylor 1989) 

Group I Dacites; includes aU Miocene and younger 

dacites and rhyolites. 

Group II Alkali olivine basalts and basanites; includes 

the majority of basalts designated "Raton

Clayton" and some of the Feldspathoidal 

lavas. 

Group III Nephelinites; includes the remaining 

Feldspathoidallavas. 

Group IV Andesites; includes some Red Mountain Lavas, 

Sierra Grande Lavas and a Chico Hilliatitic 

andesite. 

Group V Saturated basalts; includes some of the Raton

Clayton basalts and the Capulin basalts. 
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APPENDIX C ORIGINS AND DESCRIPTIONS 

Extrusives 

Red Mountain lavas 

The Red Mountain lavas are a grouping of hornblende andesites and dacites that began 

erupting about 8.2 Ma (Stormer, 1972a) from several volcanic centers in the western half of the 

volcanic field (Le., Red Mountain, Laughlin Peak and Palo Blanco). This rock type also crops out 

at some of the western mesas (e.g. Johnson, Hunter and Meloche) within the volcanic field in an 

apparent younger stratigraphic position than the Raton-Clayton basalts. This causes some confusion 

and suggests that the eruption of the Red Mountain lavas overlaped the extrusion of the late Raton 

basalts (Stormer, 1972a) and maybe the Clayton basalts. The hornblende andesites are identified by 

their altered hornblende phenocrysts and amphibole remnants in a fine grained trachytic ground mass 

of augite and plagioclase laths. The dacite is characterized by amphibole and plagioclase phenocrysts 

in a glassy to microcrystalline texture (Stormer, 1972b). Stormer suggested that the Red Mountain 

lavas are similar to intermediate volcanics of calc-alkaline or orogenic suites and proposed that they 

originated from the partial melting of a basaltic amphibolite in the lower crust with little or no 

fractional crystallization. 

The Raton-Clayton basalt 

Stormer's (1972b) Raton-Clayton basalt was derived from the equivalent time relationship 

between the Clayton basalt and the late Raton basalt which was noted by Baldwin and Muehlberger 

(1959). The two basalts differ in REE and incompatible element compositions (Phelps et al., 1983). 

This unit is characterized by an alternating series of low-K olivine basalts with olivine phenocrysts in 

a holocrystalline groundmass and alkali olivine basalts with olivine and augite phenocrysts (Stormer, 

1972b). Collins (1949) proposed that all of the igneous rocks of the region originated from a single 

magma of approximate olivine basalt composition. Stormer suggested that the typical sample of 
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Raton-Clayton basalt is equivalent to alkali olivine basalts found elsewhere in the western United 

States and other continental volcanic regimes which are proposed to have been derived by the partial 

melting of a peridotite or some other mantle composition. Lower Sr ratios suggest a direct link with 

an upper mantle source with little or no contamination (Jones et aL, 1974). Collins (1949) noted that 

the stratigraphy of the lava flows was reversed. This is caused by the widespread down cutting of 

stream erosion into the lava flows followed by subsequent flows that filled the lower areas. This 

occurred repeatedly and thus created younger formation units below older ones. The eruptive 

sequence ranges in age from 7.2 to 22 Ma (Stormer, 1972a) and are contemporaneous with a late 

stage of tectonic and associated volcanic activity of the Rio Grande Rift that began about 10 Ma 

(Baldridge et aL, 1984) and which had a major peak in activity at about 5 Ma (Lipman and Mehnert, 

1975; Elston, 1984). However, although the basalts of the Raton-Clayton field texturally resemble 

those within the Rio Grande rift system, they have been reported to be slightly more alkaline by 

Stormer (1972a). In addition, Stormer noted that even though a symmetrical distribution proposed 

by Lipman (1969) was apparent (Le., descnoed basically as tholeiitic basalt within the rift and alkali 

basalts on either side) the presence of the Raton-Clayton field suggests a more asymmetrical 

distnoution because of the more calc-alkaline nature of the Raton-Clayton basalts compared to those 

west of the rift. This episodic or asymmetrical distnoution is most apparent when viewed within a 

narrow time interval (Lipman and Mehnert, 1975). 

Sierra Grande Lavas (see text) 

Feldspathoidal Lavas 

The Feldspathoidal lavas are a group of mafic, fine grained, dense basanites and olivine 

nephelinites characterized by hauyne phenocrysts and/or abundant nepheline. Other phenocrysts are 

olivine and augite which vary in abundance (Stormer, 1972b). Pyroxenes dominate as phenocrysts 

in the nephelinites (Phelps et aL, 1983). The groundmass is often composed of plagioclase microlites 

in either a cryptocrystalline texture or glassy matrix (Stormer, 1972b). The extrusion of this group 
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began about 1.8 Ma (phelps et aL, 1983) and these rocks were initially included with the Clayton 

basalts by Collins (1949) (phelps et aL, 1983). Phelps and others proposed that the most likely and 

least objectionable origin of the mafic feldspathoidal volcanics is the partial melting of a garnet 

peridotite in the upper mantle. This is supported by the discovery of Type I and Type II xenoliths 

in many of the mafic feldspathoidallavas (phelps et aL, 1983). Phelps and others descn'be the Type 

I (Cr-<liopside) and Type II (Ti-Al augite) xenoliths as less than 15 em in diameter, oxidzed to some 

extent, partially disaggregated, and exhibiting a remnant metamorphic texture. They report that 

websterite, wehrlite and harzburgite are present but that spinel iherzolite, which is common in 

xenoliths of similar western United States locations, is not presenL 

Capulin basalts 

The capulin basalts are characterized by rounded and resorbed phenocrysts of plagioclase 

with inclusion rich zones and olivine in a matrix of dark glass and microscopic oxide grains (Stormer, 

1972b). The basalt flows and cinder cones of this unit are the youngest in the volcanic field with an 

age between to,OOO to 4,500 years ago (Baldwin and Muehlberger, 1959). This was based on carbon 

14 dating of material associated with a single flow and the underlying alluvial strata that is associated 

with the Folsom Man artifact finds. The rocks are olivine basalt, silicic alkali basalt and basaltic 

andesite (Collins, 1949; Phelps et aL, 1983). The suggested source of these basalts, as determined 

from strontium isotopic signatures, was a magma originating in the upper mantle which then 

experienced little or no crustal contamination upon its ascent (Jones et al., 1974). 

Intrusives 

Chico Hill Phonolites 

The remaining igneous rocks, in particular the Chico Hills phonolite sill complex, have been 

proposed to be the oldest in the volcanic field being contemporaneous with the Spanish Peaks of 

southern Colorado (21.7-25.6 Ma) (Stormer, 1972a). They also may be related to the early period 
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of tectonic and igneous activity of the Rio Grande Rift around 27-21 Ma (Elston and Bornhorst, 

1979). The intrusive rocks of the Raton-Clayton field include sil1s of trachyandesite, trachyphonolite, 

phonolite, trachyte and peralkaline phonolite with numerous lamprophyre dikes (Potter, 1988). 

Potter also stated that chemical variations between samples imply that the peralkaline phonolite was 

the final product of a complex differentiating sequence of events that involved trachyandesite to 

trachyte to trachyphonolite to phonolite. In addition, considering the proximity of the phonolite sill 

complex to the Rio Grande Rift and an associated mantle upwelling, the idea that alkali rich magma 

produced from small amounts of partial melting of the upper mantle with little or no subsequent 

crustal contamination is a probable origin and one which is similar to other rifting regimes (Potter, 

1988). 
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APPENDIX D MEmODS OF ANALYSIS 

Petrographic Analysis 

One hundred and two samples of one hundred thirty eight samples returned from the field 

were initially selected for study. This number was reduced to 84 samples which were cut, mounted 

and polished. Thin sections were prepared on a Logitec at the Department of Geological and 

Atmospheric Sciences, Iowa State University and were ground to approximately 30 microns. Final 

polishing was done by hand using polishing wheels and 6, 3, 1 and 1/4 micron diamond grit 

Petrographic analyses were completed on a standard petrographiC microscope. Each thin section was 

analyzed for minerals present, estimated mode percent, size and shape. Textural, fabric and 

ground mass characteristics were recorded as well as observations pertaining to twinning, zoning and 

mineral relationships. Phenocryst percents are modal for the whole rock. 

Microprobe Analysis 

Chemical analyses of olivine, pyroxene, plagioclase and Fe-Ti oxide mineral grains were 

conducted on 23 thin sections from the petrographic analysis. The thin sections selected were 

representative samples of units 1, 2, 3, 4, 5, 7 and 8. The analyses were performed using an ARL

SEMQ electron microprobe located at the Department of Geological and Atmospheric Sciences, 

Iowa State University. The acceleration voltage for the microprobe was set at 15 Kev and the beam 

current was set at 20 nanoamps on a brass Faraday cup. Standardization counting times were 10 

seconds for the peak and 2 seconds for the background. Sample analysis counting times were 20 

seconds for the peak and 2 seconds for the baCkground. Two iterations were run for each sample 

analysis. 

Selection of olivine, pyroxene and plagioclase mineral grains was based on size and quality. 

A limited range for cross sectional area was predetermined from petrographic and hand specimen 
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analyses to insure adequate core and margin data points. Only those grains with little or no 

alteration were selected. The resulting minerals grains analyzed were randomly chosen to insure an 

overall representation of composition. An exception to this random analysis was the olivine occurring 

in SG513, being the only such grain identified in the second andesite. Fe-Ti oxides were randomly 

analyzed and consisted of isolated grains and a few minor alteration grains in olivines and pyroxenes. 

The elements determined for in the olivines, pyroxenes and plagioclase were Si, Ti, AI, Fe 

(Total as FeO), Mg, Mn, Ca, Na and K. The Fe-Ti oxide minerals were analyzed for Cr, Ti, Fe 

(Total as FeO), Mg, Mn, Ca, Si, AI and Zn. The Bence-Albee (1968) correction program was 

applied and the data expressed as weight percent oxide. The chemical compositions of the olivines, 

pyroxenes and plagioclases are presented in weight percent oxide and formula units (Appendix G), 

the later using the method of calculation descnoed by Ragland (1989). The grains analyzed are 

identified by the field sample numbers followed by a grain number (if given) and the deSignation as 

to whether it is a core (C) or margin (M) location. Each standard used is listed below along with the 

element for which it was used. 

For olivines, pyroxenes and plagioclases 

Hornblende, Kakanui Si, Mg, Ca, Fe-, Ti, AI 
(Smithsonian USNM 143965) 

Spessartine-AImandine Gamet Mn 

Jadeite Na 
(Coleman, 1961) 

Microcline K 

Fe· (Total Fe) 

For Fe-Ti oxide minerals: 

Chromite Cr 
(Smithsonian USNM 117075) 

Ilmenite Fe·, Mn, Ti 
(Smithsonian USNM 96189 

Hornblende, Kakanui Mg, Ca, AI, Si 
(Smithsonian USNM 143965) 

Gahnite Zn 
(Smithsonian USNM 145883) 
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APPENDIX E PETROGRAPHIC DESCRIPTIONS 

first basaltic andesite (unit 1) (black to very dark gray) 

The andesite has a hypocrystalline (intersertal), microporphyritic to slightly porphyritic, 

slightly to moderately g1omeroporphyriticand vesicular texture. A few samples have a slight trachytic 

texture. Microphenocrysts and phenocrysts range from .25 - 1.25 mm and 3 - 4 mm in size 

respectively and are euhedral to subhedral pyroxenes (augite) « 5 percent) and olivines « 5 

percent), and subhedral plagioclases (An~S.S5) « 3 percent). Ousters of microphenocrysts occur 

composed of mostly pyroxene and some have olivine and plagioclase also present A few pyroxenes 

exhibit simple twinning and sector and/or multiple zoning. Many of the olivines exhibit some skeletal 

growth. The plagioclases show either simple carlsbad twinning, albite twinning or both, and some 

have noticeable multiple zoning (normal and reverse). Present also are a few remnant phenocryst 

plagioclases with resorption characteristics (irregular or corroded margins) and trace amounts of sec

ondary quartz which are single grains (rounded or slightly irregular Shaped). Approximately 87 - 90 

percent of the rock is groundmass, of which about 65 - 70 percent is plagioclase micro lites, 5 percent 

is anhedral pyroxene and olivine, less than 1 percent is anhedral Fe-Ti oxide and 25 - 30 percent is 

brown glass. Some of the plagioclases exhibit simple twinning. 

second basaltic andesite (unit 2) (light gray porphyritiC) 

This andesite has a texture that is a holocrystalline to hypocrystalline ( fme grained 

intergranular to slightly intersertal), trachytic to microlitic, microporphyritic to slightly porphyritic, 

moderately glomeroporphyriticand vesicular. The microphenocrysts range from.25 - 1 mm and the 

few phenocrysts are 2 - 3.5 mm in size. They are euhedral to subhedral pyroxenes (augite)(10 - 15 

percent) and olivines « 5 percent), and subhedral plagioclases (Anss)(5 - 10 percent). Present also 

are clusters of microphenocrysts (pyroxenes, often with some olivine and plagioclase). A few 

pyroxenes have Simple twinning and/or sector zoning. Some of the pyroxenes and olivines exhibit 
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skeletal growth. The plagioclases show either simple carlsbad twinning, albite twinning or 

oombination, and some have multiple zoning (normal and reverse). There are also a few remnant 

phenocryst plagioclases with oorroded or irregular margins. The groundmass is 71 - 82 percent of 

the rock and is oomposed of about 85 - 90 percent plagioclase micro lites, 5 - 10 percent anhedral 

pyroxene and olivine, about 1 percent anhedral Fe-Ti oxide and 5 percent brown glass. Most of the 

plagioclase show simple twinning. 

third basaltic andesite (unit 3) (dark gray basaltic) 

The andesite has a holocrystalline to slightly hypocrystalline (fine grained intergranular to 

very slightly intersertal), trachytic to microlitic, microporphyritic to slightly porphyritic, slightly to 

moderately glomeroporphyritic and vesicular to very vesicular texture. Microphenocrysts.25 - 1.25 

mm and a few phenocrysts 2 - 3 mm are euhedral to subhedral pyroxenes (augite) ( < 5 percent) and 

olivines « 5 percent), and subhedral plagioclases (AnSS-60) « 5 percent). There are also clusters 

of microphenocrysts (mostly pyroxenes, a few olivines and fewer plagioclases). Many pyroxenes 

exhibit simple twinning and sector and/or multiple zoning. A few pyroxenes and olivines show 

skeletal growth. Twinning in the plagioclases is either simple carlsbad, albite or both, and some have 

either multiple or oonvoluted zoning present (normal and reverse). Remnant phenocryst plagioclases 

are present with resorption characteristics (irregular or oorroded margins). The ground mass, which 

is about 88 - 92 percent of the rock is composed of about 85 - 90 percent plagioclase microlites, 5 -

10 percent anhedral pyroxene and olivine, less than 2 percent anhedral Fe-Ti oxide and less than 

5 percent gray and brown glass. The plagioclases show simple twinning. 

first andesites (unit 4) 

subunit 4a (reddish gray aphanitic tuffaceous andesite) 

The texture ofthis andesite is a hypocrystalline to holocrystalline-hypocrystalline(fine grained 

intergranular to intersertal), slightly trachytic to trachytic, microporphyritic to very slightly porphyritic, 

slightly glomeroporphyritic and vesicular to very vesicular. Microphenocrysts and a few phenocrysts 
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range from .25 - 1.25 mm and 2 - 2.25 mm respectively. They are euhedral to subhedral pyroxenes 

(augite)( < 5 percent) and subhedral plagioclases « 2 percent). There are also clusters of 

microphenocrysts composed of mostly pyroxene, often with olivine and plagioclase presenL Some 

of the pyroxenes have simple twinning and sector and/or multiple zoning while a few exhibit skeletal 

growth and/or intergrowth relationships with Fe-Ti oxides (alteration coronas and probable 

replacement). The plagioclases have either simple carlsbad twinning, albite twinning or both, some 

with multiple zoning. There is also remnant phenocryst plagioclase with resorption characteristics 

(irregular or corroded margins) and secondary quartz (single, rounded or irregular grains). The 

groundmass,93 - 95 percent of the rock, is composed of about 80 - 85 percent plagioclase micro lites, 

5 - 10 percent anhedral pyroxene, less than 2 percent anhedral Fe-Ti oxide and 5 - 7 percent gray, 

brown and red glass. Most of the plagioclases show simple twinning. 

subunit 4b (light gray slightly porphyritic tuffaceous andesite) 

This andesite has a holocrystalline to hypocrystalline, (fine grained intergranular to Slightly 

intersertal), trachytic, microporphyritic, slightly to moderately glomeroporphyritic and vesicular 

texture. Often clustered together, the microphenocrysts .25 - 1 mm are euhedral to subhedral 

pyroxenes (augite) « 5 percent) and subhedral plagioclases « 2 percent). Some pyroxenes exhibit 

simple twinning and/or sector zoning while a few have skeletal growth or some alteration. Plagioclase 

show either simple carlsbad twinning, albite twinning or both, and some have multiple zoning. The 

groundmass, which is 93 - 95 percent of the rock, is composed of about 8S - 90 percent plagioclase 

microlites, 5 - 10 percent anhedral pyroxene, about 1 percent anhedral Fe-Ti oxide and about 5 

percent brown and red glass. Many of the plagioclase show simple twinning. 

subunit 4c (gray porphyritic tuffaceous andesite) 

The texture of this andesite is a holocrystalline (fme grained intergranular), trachytic, 

microporphyritic, moderately glomeroporphyritic and vesicular. Microphenocrysts range from .25 -

2 mm and are euhedral to subhedral pyroxenes (augite)(5 - 10 percent) and subhedral (An6S•70) 
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plagioclases « 2 percent). Many of the pyroxenes are clustered together, often with a few 

plagioclases. Some of the pyroxenes show simple twinning and either sector and/or multiple zoning. 

A few exhibit skeletal growth and/or late stage alteration. The plagioclases exhibit twinning that is 

either simple carlsbad, albite or combination, and a few have multiple or convoluted zoning. The 

ground mass is 88 - 94 percent of the rock and is composed of about 85 - 90 percent plagioclase 

microlites, 10 - 15 percent anhedral pyroxene, about 2 percent anhedral Fe-Ti oxide and traces of 

brown and red glass. Most of the plagioclases show simple twinning and defme a flow structure. 

subunit 4d (dark gray aphanitic andesite) 

This andesite has a texture that is hypocrystalline (fme grained intergranular to intersertal), 

slightly trachytic to microlitic, microporphyritic, slightly glomeroporphyritic and slightly to moderately 

vesicular. The microphenocrysts range from .25 - 1.25 mm and are euhedral to subhedral pyroxenes 

(augite)(5 - 10 percent) and subhedral plagioclases « 3 percent), often clustered. A few of the 

pyroxenes exhibit simple twinning and sector or multiple zoning, some show skeletal growth. Some 

of the plagioclases have either simple carlsbad twinning, albite twinning or both, and a few show 

either multiple or convoluted zoning. The groundmass, which is 87 - 92 percent of the rock is 

composed of about 75 - 80 percent plagioclase micro lites, 5 - 10 percent anhedral pyroxene, 2 percent 

anhedral Fe-Ti oxide and about 10 - 15 percent brown and gray glass. Most of the plagioclase has 

simple twinning. 

subunit 4e (red gray aphanitic tuffaceous andesite) 

This andesite has a hypocrystalline (fine grained intergranular to intersertal), microlitic, 

microporphyritic, slightly glomeroporphyritic and moderately vesicular texture. The microphenocrysts 

.25 - 2 mm, some clustered together are euhedral to subhedral pyroxenes (augite )(5 - 10 percent) and 

subhedral plagioclases « 3 percent). Many of the pyroxenes show simple twinning and/or sector 

zoning, a few show skeletal growth. Some of the plagioclase exhibit either simple carlsbad, albite or 

combination twinning, a few with multiple zoning. The ground mass, 87 - 94 percent of the rock, is 
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composed of about 50 - 75 percent plagioclase micro lites, 5 - 15 percent anhedral pyroxene, less than 

1 percent anhedral Fe-Ti oxide and about 10 - 45 percent brown and gray or brown glass. Some of 

the plagioclase show simple twinning. Only in the more fine grained intergranular ground mass texture 

is there a sense of flow structure. 

subunit 4r (banded, multicolored aphanitic andesite) 

The texture of this andesite is holocrystalline to hypocrystalline (fme grained intergranular 

to intersertal), slightly trachytic to trachytic, microporphyritic, slightly glomeroporphyritic and 

vesicular. Microphenocrysts range .25 - 2 mm in size and a few of which are clustered. These are 

euhedral to subhedral pyroxenes (augite) ( < 5 percent) and subhedral plagioclases « 2 percent). 

Several pyroxenes have simple twinning and/or sector zoning. A few exhibit skeletal growth or some 

alteration. The plagioclases have twinning that is either simple carlsbad, albite or both, and some 

have multiple zoning. There is also a few remnant near phenocryst plagioclases with corroded or 

irregular margins. There are traces of secondary quartz that are single grains (rounded or slightly 

irregular). The ground mass, which is 93 - 95 percent of the rock is composed of about 50 - 75 

percent plagioclase microlites, 5 - 10 percent anhedral pyroxene, less than 2 percent anhedral Fe-Ti 

oxide and about 15 - 45 percent brown and gray glass. The ground mass generally has a good sense 

of flow structure. 

second andesite (unit S) 

subunit Sa (dark bluish gray porphyritic andesite) 

This andesite has a hypocrystalline (fine grained intergranular to intersertal), moderately 

trachytic, microporphyritic to moderately porphyritic, moderately to slightly glomeroporphyritic and 

moderately to very vesicular texture. Microphenocrysts and phenocrysts range from .25 - 2 mm and 

225 - 4.5 mm respectively. They are euhedral to subhedral pyroxenes « 5 percent augite and 5 -

10 percent enstatite) and subhedral plagioclases (AnSO-6O) « 3 percent). Many of the 

microphenocrysts are clustered together (mostly augites, a few enstatites and fewer plagioclases). In 
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one sample, an isolated euhedral to subhedral olivine was found. Some of the pyroxenes exhibit 

skeletal growth, particularly the augites, while a few others show simple twinning and sector or 

multiple zoning. The plagioclases exhibit either simple carlsbad or albite twinning or both, some with 

multiple zoning (normal and reverse). One feature found in a few rocks of this subunit is an almost 

cuniform growth of a few plagioclase microphenocrysts. Present are a few phenocryst plagioclase 

remnants that show typical resorption characteristics (irregular or corroded margins). There is also 

some quartz present as secondary mineral which appears to be vugs fillings and can range up to 5 

mm in size. The ground mass, comprising 82 - 89 percent of the rock, is composed of about 65 - 85 

percent plagioclase microlites,5 - 10 percent anhedral pyroxene, less than 2 percent anhedral Fe-Ti 

oxide and about 10 - 25 percent gray and brown glass. Some of the plagioclases show simple 

twinning. Most all samples showed a sense of flow. 

subunit Sb (gray to dark gray porphyritic andesite) 

The texture of this andesite is a holocrystalline to hypocrystalline (fine grained to slightly 

intersertal), moderately trachytic to trachytic to microlitic, microporphyritic to slightly porphyritic, 

slightly to moderately glomeroporphyriticand vesicular to very vesicular. The microphenocrysts range 

from .25 - 1.25 mm and the phenocrysts range from 2 - 2.5 mm. These are euhedral to subhedral 

pyroxenes (about 5 - 10 percent augite and less than 5 percent enstatite) and subhedral plagioclases 

(An5~70) « 5 percent). Some of the microphenocrysts are clustered together, mostly pyroxenes. 

Many of the pyroxenes, both augite and enstatite, exhibit simple twinning, sector or multiple zoning 

and some show skeletal growth. The plagioclases usually show simple carlsbad twinning, albite 

twinning or both, and some exhibit multiple zoning. A few remnant phenocryst plagioclases have 

irregular or corroded margins. Quartz occurs as a secondary mineral as single grains with rounded 

or slightly irregular shapes. Approximately 82 - 89 percent of the rock is ground mass, of which about 

80 - 90 percent is plagioclase micro lites, 10 - 15 percent is anhedral pyroxene, less than 1 percent is 

anhedral Fe-Ti oxide and less than 5 percent is gray and brown glass. The plagioclase show simple 
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twinning. A sense of flow is evident in the ground mass which decreases with increased glass 

percentage. 

subunit Sc (dark gray aphanitic andesite) 

This andesite has a holocrystalline (fine grained intergranular), trachytic, microporphyritic 

to slightly porphyritic, slightly glomeroporphyritic and vesicular texture. Microphenocrysts are .25 -

1.5 mm and phenocrysts are 2 - 225 mm in size. They are euhedral to subhedral pyroxenes (5 - 10 

percent augite) and subhedral plagiocIases (An5~) « 2 percent). Some of the pyroxenes have 

simple twinning, sector or multiple loning and some show skeletal growth. Most of the plagioclases 

show either simple carlsbad twinning, albite twinning or both, some with multiple loning. The 

ground mass, which is 88 - 94 percent of the rock, is composed of about 90 percent plagioclase 

microlite, 10 percent anhedral pyroxene and less than 1 percent anhedral Fe-Ti oxides. Most of the 

plagioclases show simple twinning. There is a sense of flow to the rock structure. 

andesitic dikes (unit 8) 

subunit Sa (black porphyritic andesitic dike) 

The texture of these dike rocks is hypocrystalline (intersertal), microporphyritic to slightly 

porphyritic, slightly glomeroporphyritic and very vesicular. Microphenocrysts and phenocrysts are .25 

- .1 mm and 1.25 - 5.5 mm respectively. The minerals present are euhedral to subhedral pyroxenes 

(5 percent augite and less than 2 percent enstatite) and subhedraIAn(s~) plagioclases « 2 percent). 

Many of the pyroxenes show simple twinning and sector and/or multiple loning and some exhibit 

skeletal growth. The plagiocIases show simple carlsbad or albite twinning, and some have multiple 

loning. The groundmass totals to about 92 percent and is composed of about 50 percent plagioclase 

microlites, 10 percent anhedral pyroxene, 1 percent anhedral Fe-Ti oxide and about 40 percent brown 

glass. 
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upper andesites and andesitic breccias (unit 6) 

summit andesite (unit 68) (red to reddish gray aphanitic tuffaceous) 

This andesite has a hypoaystalline to hypohyaline (intersertal to fine grained intergranular, 

intersertal), microporphyritic to very slightly porphyritic, slightly to moderately glomeroporphyriticand 

moderately to very vesicular texture. Microphenocrysts range from .25 - 1.25 mm and the few 

phenocrysts present are 2 - 2.25 mm in size. The microphenocrysts are euhedral to subhedral 

pyroxenes (augite) ( < 5 percent) and subhedral plagioclases « 2 percent). The phenocrysts are a 

few subhedral pyroxenes and remnant plagioc1ases. Most of the pyroxenes have simple twinning and 

multiple zoning and a few show skeletal growth. The plagioclases exhibit either simple carlsbad 

twinning, albite twinning or both, and some show multiple zoning. Remnant plagioclases present are 

ovate, anhedral and have been very resorbed (irregular or corroded margins). The groundmass is 

93 - 95 percent of the rock and is composed of about 30 - 50 percent plagioclase micro lites, 20 

percent anhedral pyroxene, less than 1 percent anhedral Fe-Ti oxide and about 30 - 50 percent brown 

to gray glass. Very few plagioclase show any twinning. 

andesitlc breccias (unit 6b) 

subunit 6bl (bluish gray to gray mottled basaltic - andesitic breccia) 

This andesitic breccia has clasts with: a holocrystalline (fine grained intergranular), slightly 

trachytic, microporphyritic and very slightly glomeroporphyritic texture and a hypocrystalline (fme 

grained intergranular to slightly intersertal), very slightly trachytic, microporphyritic, slightly 

glomeroporphyritic texture and intersertal material that is hypocrystalline to microcrystalline and 

microporphyritic. There is an overall slight vesicularity to the samples. The microphenocrysts range 

from .25 - .75 mm and are euhedral to subhedral pyroxenes (augite)« 5 percent), subhedral 

plagioclase « 2 percent) and subhedral to anhedralolivines « 2 percent). Some of the pyroxenes 

show simple twinning and multiple zoning. A few of the pyroxenes and olivines show skeletal growth. 

The plagioc1ases exhibit either simple carlsbad or albite twinning or combination and some have 
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multiple zoning. A1so a few plagioclases appear to be remnants which have been well resorbed, with 

irregular or corroded margins. The groundmass (both clasts and intersertal material) is about 92 -

95 percent of the rock and is composed of about 65 percent plagioclase microlites, 20 percent 

subhedral to anhedral pyroxene and olivine, 5 percent anhedral Fe-Ti oxide and about 10 percent 

clear and gray glass. Some of the plagioclase show simple carlsbad twinning. 

subunit 6bZ (bluish red to bluish gray mottled andesitic breccia) 

The clasts of this breccia have textures that are: hypocrystalline (fine grained intergranular 

to intersertal), slightly microlitic, microporphyritic to slightly porphyritic, moderately 

glomeroporphyritic and vesicular, and hypocrystalline (fme grained intergranular), slightly trachytic, 

microporphyritic, moderately glomeroporphyritic and vesicular surrounded by a matrix that is 

hypohyaline to holohyaline (intersertal), microporphyritic, very slightly glomeroporphyritic. The 

microphenocrysts and few phenocrysts are .25 - 1.25 mm and 2 - 2.25 mm respectively. They are 

euhedral to subhedral pyroxenes (augite)(5 percent) and a few larger anhedral Fe-Ti oxides « 2 

percent). Many of the pyroxenes show simple twinning and some zoning. Also a few are very to 

slightly altered and some appear to have been replaced. The ground mass (both clasts and matrix) 

is about 93 percent of the rock. Overall, it is composed of plagioclase micro lites ranging from 40 -

85 percent, about 5 percent anhedral pyroxene, less than 1 percent anhedral Fe-Ti oxides, and red 

and brown glass ranging from 10 to 55 percent The ground mass of the clasts is either composed of 

random plagioclase micro lites in glass while the intersertal material has slightly trachytic plagioclase 

microlites. The fabric is somewhat convoluted in the more glassy matrix. 

subunit 6b3 (multicolored tuffaceous andesitic breccia) 

This breccia is composed of clasts which have a hypocrystalline (very fine grained 

intergranular to intersertal), microcrystalline, microporphyritic, slightly to moderately 

glomeroporphyritic and microvesicular texture, surrounded by intersertal material with a similar 

texture and microcrystalline ground mass. The microphenocrysts are .25 to .5 mm in size with a few 
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as large as .75 - 1 mm. They are euhedral to subhedral pyroxenes (augite )(5 percent), many of which 

show simple twinning, sector and/or multiple zoning, other exhibit skeletal growth. The groundmass 

overall (both within the clasts and between) ~ about 95 percent of the rock and in both cases is 

composed of about 60 percent plagioclase microlites, 10 percent anhedral pyroxene, less than 1 

percent Fe-Ti oxide and about 30 percent gray and brown glass. 

andesitic plug (unit 6c) (dark gray to bluish gray aphanitic) 

The texture of th~ andesite subunit ~ holocrystalline to hypocrystalline (fme grained 

intergranular), microlitic, microporphyritic, slightly to moderately glomeroporphyritic and slightly 

vesicular. The microphenocrysts range from.25 - .75 mm and 1 - 1.75 mm. They are euhedral to 

subhedral pyroxenes (augite)(5 percent) and subhedral plagioclases « 2 percent). A few of the 

pyroxenes show skeletal growth, while some others exhibit simple twinning and sector and/or multiple 

zoning. Most of the plagioclases show either simple carlsbad or albite twinning and no zoning was 

observed. The ground mass, which ~ about 93 - 95 percent of the rock, has a microcrystalline 

appearance. The groundmass ~ composed of about 85 - 90 percent plagioclase microlites, 10 percent 

anhedral pyroxene, less than 1 percent anhedral Fe-Ti oxide and a trace to less than 5 percent gray 

glass. 

saddle andesite (unit 6d) (bluish gray to gray aphanitic) 

~ andesite has a hypocrystalline to holocrystalline (fme grained intergranular), microlitic, 

microporphyritic to slightly porphyritic, slightly to moderately glomeroporphyritic and vesicular 

texture. Microphenocrysts range .25 - 1.00 mm, the few phenocrysts are 2.00 - 2.75 mm. There are 

euhedral to subhedral pyroxenes (augite)(5 - 10 percent) and subhedral plagioclases « 2 percent). 

Some of the pyroxenes exhibit simple twinning and sector and/or multiple zoning, while some others 

show skeletal growth. Many of the plagioclases show either some simple carlsbad twinning, albite 

twinning or both, and some have multiple zoning. Present also are a few remnant plagioclases with 

resorption characteristics (irregular or corroded margins). The ground mass, which is about 88 - 93 
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percent of the rock, has a microcrystalline appearance and is composed of about 90 percent 

plagioclase microlites, 5 - 10 percent anhedral pyroxene,less than 1 percent anhedral Fe-Ti oxide and 

less than 5 percent gray glass. Some of the plagioclases show simple carlsbad twinning. 

basaltic scoria and basalt (unit 7) 

subunit 7a (dark red porphyritic scoria) 

This scoria has a hypohyaline, microporphyritic to slightly porphyritic, slightly to moderately 

glomeroporphyriticand very vesicular texture. The microphenocrysts and few phenocrysts range from 

.25 - 1 mm and 1.5 - 3.75 mm respectively. They are euhedral to subhedral pyroxenes (augite)(5 -

10 percent), euhedralolivines « 5 percent) and subhedral plagioclases « 5 percent). Many of the 

pyroxenes show some simple twinning and zoning while some others have skeletal growth. The 

olivines also show skeletal growth as well as alteration coronas. Plagioclases show twinning that is 

either simple carlsbad, albite or both, and some zoning. A few plagioclases are probable remnants 

having been through resorption (irregular shapes). The ground mass is 81 to 88 percent of the rock 

and is composed of about 40 - 60 plagioclase micro lites, 5 - 10 percent anhedral pyroxene and olivine, 

less than 5 percent anhedral Fe-Ti oxide and 20 - 50 percent brown and red brown glass. 

subunit 7b (red and black scoria) 

The texture of this scoria is hypohyaline or holohyaline (cryptocrystalline), micro porphyritic 

and very vesicular. Microphenocrysts, which range from .25 - .5 mm, are subhedral to euhedral 

pyroxenes (augite) ( < 5 percent) and euhedral to subhedralolivines « 5 percent). There is very little 

indication of zoning or twinning in any microphenocrysts. All the pyroxenes and olivines have 

alteration coronas of Fe-Ti oxides. The groundmass, 90 - 92 percent of the rock, is composed of 

about 20 percent anhedral pyroxene and olivine, 5 - 10 percent anhedral Fe-Ti oxide and 70 - 75 

percent green, gray and red brown glass. There are traces of plagioclase in the ground mass. 

subunit 7c (brown to black glassy scoria) 

This scoria has a holohyaline to slightly hypohyaline (cryptocrystalline), micro porphyritic and 



98 

vesicular texture. The microphenocrysts range from .25 to 1 mm and are anhedral to subhedral 

pyroxenes (augite) ( < 2 percent) and euhedral to subhedral olivines « 10 percent). The pyroxenes 

are lath like and some show simple twinning. Most of the olivines have been altered or resorbed and 

many show intergrowths with opaque minerals. The groundmass, which is 88 percent of the rock, 

is composed of about 10 percent subhedral to anhedral olivine and pyroxene, and 90 percent brown 

and black glass. The glass has a convoluted structure. No Fe-Ti oxides were identified. 

subunit 7d (greenish black porphyritic basalt) 

This basalt has a hypocrystalline (fine grained to partially intersertal), partially 

microcrystalline, microporphyritic, very slightly glomeroporphyritic and vesicular texture. 

Microphenocrysts range from .25 - 1 mm and are euhedral to subhedral to anhedral olivines (10 

percent) and subhedral pyroxenes (augite) (2 percent). The olivines are rimmed by Fe-Ti oxides. No 

definite twinning or zoning was observed. The ground mass is 88 percent of the rock and is composed 

of about 40 percent anhedral olivine and pyroxene, 30 percent anhedral plagioclase, 15 percent 

anhedral Fe-Ti oxide and 15 percent green and gray green glass. Although most of the oxide minerals 

are opaque, some are red and translucent 

basaltic dikes (Unit 8) 

subunit 8bl (black porphyritic basaltic dike) 

The rock of these dikes has a hypocrystalline, cryptocrystalline to near glassy, 

microporphyritic to slightly porphyritic, slightly glomeroporphyritic and moderately vesicular texture. 

The microphenocrysts and the few phenocrysts are .25 - 1 mm and 2 to 3.5 mm respectively. They 

are euhedral to subhedralolivines (10 - 15 percent) and euhedral to subhedral pyroxenes (augite)(5 

percent). Many of the olivines have skeletal growth and some have been partially replaced by Fe-Ti 

oxides. Some of the pyroxenes exhibit simple twinning and sector and/or multiple zoning and some 

appear to have been altered. The ground mass which is 80 - 85 percent of the rock is composed of 

about 20 percent plagioclase microlites, 30 percent anhedral pyroxene, 5 percent subhedral to 
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anhedral olivine,S percent anhedral Fe-Ti oxides and about 40 percent gray glass. The ground mass 

has a more cryptocrystalline to microcrystalline texture. 

subunit 8b2 (dark gray aphanitic basaltic dike (west» 

The texture of this dike rock is hypoctystalline (fine grained intergranular to intersertal), 

cryptocrystalline to microcrystalline, microporphyritic and vesicular. The micro phenocrysts are .25 -

1 mm in size and are euhedral to subhedral (a few anhedral) olivines (5 - 10 percent) and euhedral 

to subhedral pyroxenes (augite)( < 2 percent). Most of the olivines have alteration coronas. Some 

of the pyroxenes show simple twinning and multiple or sector zoning. There are a few unknowns that 

appear to be inclusions or xenoliths but were not identifiable. The ground mass is about 83 - 90 

percent of the rock and is composed of about 15 percent plagioclase microlites, 70 - 75 percent 

subhedral to anhedral pyroxene, 2 percent anhedral Fe-Ti oxide and 10 percent glass. 

subunit 8b3 (gray to dark gray aphanitic basaltic dike (east») 

This dike rock has a texture that is holocrystalline to hypocrystalline (fine grained 

intergranular),microcrystalline, microporphyriticto slightly porphyritic and slightly glomeroporphyritic. 

The microphenocrysts and phenocrysts are .25 - 1 mm and 2 - 2.5 mm respectively. There are 

euhedral to subhedralolivines (15 percent) and euhedral to subhedral pyroxenes (augite)(5 percent). 

Some of the olivines have either skeletal growth or resorption features (irregular margins). Most 

pyroxenes exhibit simple twinning and sector or multiple zoning. There are also a few pyroxenes that 

have Fe-Ti oxide rims. The ground mass, which is about 80 percent of the rock, is composed of about 

15 percent plagioclase microlites, 25 percent subhedral to anhedral pyroxene,S percent anhedral Fe

Ti oxide, 50 percent microcrystals and a trace of glass. Some of the plagioclase show simple twinning. 
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APPENDIX F SAMPLE LOCATIONS 

Sample # Sec T R Unit Lithologic Rock Type 

1 S02-O-1 NEI/4, NEI/4 23 29N 29E 0 Clayton basalt 

2 • S02·1·2 SWI/4, NWI/4 19 29N 29E 1 [lISt basaltic andesite 

3 • S02·14 NEI/4, NWI/4 24 29N 28E " " 

4 • S02·1-6 SWI/4, SEl/4 35 29N 28E " " 

5 • S02·1-8 NWI/4, SWI/4 15 29N 29E " " 

6 •• S02·1·9 NEI/4, SEI/4 18 29N 29E " " 

7 • S02·2·1 SEI/4, NEI/4 2 28N 28E 2 second basaltic andesite 

8 •• S02·2·2 NWI/4, NWI/4 1 28N 28E " " 

9 •• S02·24 NEl/4, NWI/4 1 28N 28E " " 

10 • S02·3·2 SWl/4, NEI/4 26 29N 29E 3 third basaltic andesite 

11 •• S02·3·3 SWI/4, NEl/4 26 29N 29E " " 

12 • S02·3·5 SEI/4, NWI/4 35 29N 29E " " 

13 .. S02·3-6 SW1I4, NWI/4 26 29N 29E " " 

14 • S02·3-7 NWI/4, SEI/4 15 29N 29E " " 

15 • S02-4A·l NEl/4,NWI/4 25 29N 28E 4a [lISt andesite 

16 .. S024A·2 NW1I4, SEI/4 34 29N 29E " " 

17 • S024A·3 SEl/4, NEl/4 28 29N 29E " " 

18 • S02-4B-2 SWl/4, SWl/4 21 29N 29E 4b " 

19 • S024B-3 SWl/4, SW1I4 36 29N 28E " " 

20 • S024C-l SWI/4, SWI/4 19 29N 29E 4c " 

21 • S024C-3 SWl/4, SW1I4 36 29N 28E " " 

• petrographic thin section •• petrographic and microprobe thin section 
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Sample # ~ I R Unit Lithologic Rock Type - -
22 * S024C4 SWl/4, NEl/4 27 29N 29E 4c first andesite 

23* S02-4C-6 NWl/4, NEI/4 22 29N 29E " II 

24 * S02-4D-1 NE1/4, NW1/4 25 29N 28E 4d II 

25* S02-40-2 SE1/4, SWI/4 26 29N 29E " .. 

26 * S02-4D-3 NEI/4, SWI/4 26 29N 29E 11 .. 

27 * S024E-l SWI/4, NWI/4 19 29N 29E 4e " 

28* S024E-3 SE1/4, SWI/4 24 29N 28E " " 

29 * S02-4E4 SEI/4, SWI/4 21 29N 29E " " 

30* S024E-5 NEI/4, NE1/4 26 29N 29E " " 

31 * S024E-6 NW1/4, SWI/4 26 29N 29E " .. 

32 * S024F-l NWI/4, SE1/4 24 29N 28E 4f " 

33 * S024F-2 NE1/4, NWl/4 25 29N 28E " " 

34 * S024F-3 NEI/4, SW1/4 31 29N 29E " " 

35 * S024F-5 NE1/4, NEI/4 19 29N 29E " " 

36* S024F-6 SE1/4, NEI/4 28 29N 29E " " 

37 * S024F-7 SE1/4, SWI/4 28 29N 29E " " 

38* S02-5-1 SWI/4, SWI/4 19 29N 29E 5a second andesite 

39** S02-5-2 NW1/4, NE1/4 25 29N 28E " " 

40* S02-54 NE1/4, NWI/4 25 29N 28E " " 

41 * S02-5-5 NW1/4, MWI/4 36 29N 28E 5b " 

42 * S02-5-6 NE1/4, NE1/4 30 29N 29E Sa " 

43 ** SG2-5-8 SE1/4, NW1I4 31 29N 29E 5c " 

44* SG2-S-9 NE1/4, SEI/4 21 29N 29E Sa " 

* petrographic thin section ** petrographic and microprobe thin section 
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Sample # Sec T R Unit Lithologic Rock Type - - - -
45·· S02-5-10 NWI/4, SEI/4 21 29N 29E 5a second andesite 

46· S02-5-11 NEI/4, SEI/4 30 29N 29E 5c • 

47·· SG2-5-13 SEI/4, SWI/4 21 29N 29E 5a • 

48· SG2-5-14 SEI/4, SEI/4 20 29N 29E • • 

49 • SG2-5-15 SEl/4, NEI/4 19 29N 29E • • 

50 • S02-5-16 SWI/4, SWI/4 17 29N 29E 5b • 

51·· S02-5-17 NWl/4, SEl/4 34 29N 29E • • 

52·· S02-5-18 SEI/4, NWI/4 1 28N 28E 5a • 

53 • S02-5-20 NWI/4, NWl/4 1 28N 28E • • 

54 • S02-5-21 SWI/4, SWI/4 16 29N 29E • • 

55·· S02-5-22 NWI/4, NEl/4 33 29N 29E • • 

56 • SG2-5-23 SEI/4, NEI/4 28 29N 29E • • 

57 • SG2-5-24 NEl/4, SEI/4 32 29N 29E 5b • 

58·· SG2-5-25 SWI/4, NWI/4 32 29N 29E 5a " 

59 • SG2-5-28 SEI/4, SEI/4 17 29N 29E " " 

60** SG2-5-29 SWl/4, SEI/4 20 29N 29E " " 

61 • SG2-5-3O SEI/4, NWI/4 29 29N 29E • • 

62 • SG2-5-31 SEl/4, NWl/4 29 29N 29E 5b • 

63·· SG2-5-32 NEl/4, NEl/4 32 29N 29E • " 

64· SG2-5-33 NEl/4, NWI/4 32 29N 29E • • 

65 • SG2-5-34 NWl/4, SWI/4 26 29N 29E 5a 

66· SG2-5-35 NWI/4, SEI/4 32 29N 29E 5b • 

67 • SG2-6-0 NEI/4, SEI/4 32 29N 29E 6a summit andesite 

• petrographic thin section •• petrographic and microprobe thin section 
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Sample # Sec ! R Unit Lithologic Rock Type - - -
68* SG2-6-2 SW1/4, SE1/4 32 29N 29E 6a summit andesite 

69 * SG2-6-3 NWl/4, SEl/4 32 29N 29E 6c andesitic plug 

70 * SG2-6-4 NWl/4, SE1/4 32 29N 29E 6b andesitic breccia 

71* SG2-6-5 NEl/4, SWI/4 32 29N 29E 6d saddle andesite 

72* SG2-6-6 NEI/4, SWI/4 32 29N 29E 6b andesitic breccia 

73 * SG2-6-7 SE1/4, NWI/4 32 29N 29E " " 

74 * SG2-6-8 NEl/4, SWI/4 32 29N 29E " " 

75 * SG2-6-10 NE1/4, SW1/4 32 29N 29E to to 

76 * SG2-7-1 SW1/4, NWI/4 36 29N 28E 7a basaltic scoria 

77** SG2-7-2 NE1/4, NE1/4 35 29N 28E to " 

78 * SG2-7-4 SWl/4, NWI/4 36 29N 29E 7b " 

79** SG2-7-7 SW1/4, NW1/4 36 29N 29E 7c basaltic scoria (glassy) 

80 ** SG2-7-11 SEl/4, NE1I4 35 29N 29E 7d basalt 

81** SG2-8-1 SEl/4, NE1/4 26 29N 28E 8b basaltic dike 

82 ** SG2-8-S SE1/4, SE1/4 20 29N 29E 8a andesitic dike 

83 ** SG2-8-8 SWl/4, NWI/4 36 29N 29E 8b basaltic dike 

84* SG2-8-10 SW1/4, NE1/4 26 29N 29E 8b " 

85 ** SG2-8-13 NWl/4, SEI/4 26 29N 28E 8b " 

* petrographic thin section ** petrographic and microprobe thin section 



104 

APPENDIX G MICROPROBE DATA 

TABLE 1 Olivine Composition 

Si02 

TI02 

A1200 
FeO 
MoO 

MgO 
Cao 
1(20 

Na20 

SUM 

Si 

TI 

AI 
Fe 
Mn 
Mg 

Ca 
K 
Na 

Si02 

TI02 

A1200 
FeO 
MoO 
MgO 

Cao 
1(20 

Na20 

SUM 

Si 

TI 

AI 
Fe 
MIl 
Mg 

Ca 
K 
Na 

~19-IC ~19-IM ~19-2M ~19-2C ~22-IC ~22-IM ~24-IM SG224-IC 

39.5470 

0.0260 

0.0260 

12.5440 

0.3850 

46.8250 

0.1540 

0.0000 

0.0250 

99.5320 

0.9889 

0.0005 

0.0008 

0.2623 

0.0082 

1.7449 

0.0041 

0.0000 

0.0012 

39.7910 

0.0000 

0.0160 

13.5940 

0.3280 

46.4180 

0.1360 

0.0000 

0.0000 

100.2830 

0.9912 

0.0000 

0.0005 

0.2832 

0.0069 

1.7232 

0.0036 

0.0000 

0.0000 

39.6900 

0.0320 

0.0210 

12.8850 

0.3640 

46.8290 

0.1450 

0.0000 

0.0000 

99.9660 

0.9892 

0.0006 

0.0006 

0.2686 

0.0077 

1.7394 

0.0039 

0.0000 

0.0000 

39.4960 

0.0000 

0.0210 

13.2350 

0.2580 

47.1920 

0.1520 

0.0000 

0.0000 

100.3540 

0.9824 

0.0000 

0.0006 

0.2753 

0.0054 

1.7494 

0.0041 

0.0000 

0.0000 

38.9460 

0.0000 

0.0210 

17.5310 

0.2680 

43.9000 

0.1850 

0.0000 

0.0000 

100.8510 

0.9832 

0.0000 

0.0006 

0.3701 

0.0057 

1.6517 

0.0050 

0.0000 

0.0000 

38.2780 

0.0280 

0.0450 

19.1240 

0.4440 

41.1690 

0.2130 

0.0000 

0.0000 

99.3010 

0.9902 

0.0005 

0.0014 

0.4137 

0.0097 

1.5871 

0.0059 

0.0000 

0.0000 

to.7990 

0.0250 

0.0520 

8.8000 

0.2910 

50.9540 

0.1250 

0.0000 

0.0160 

101.0620 

0.9865 

0.0005 

0.0015 

0.1780 

0.0060 

1.8362 

0.0032 

0.0000 

0.0008 

39.0560 

0.0410 

0.0590 

11.7070 

0.4810 

47.2390 

0.1330 

0.0000 

0.0000 

98.7160 

0.9824, 

0.0008 

0.0017 

0.2463 

0.0102 

1.7709 

0.0036 

0.0000 

0.0000 

~24-2M ~24-2C ~24-3M ~24-3C ~33-1M ~33-1C ~33-2M ~33-2C 

40.7280 

0.0070 

0.0290 

8.9730 

0.4430 

50.3720 

0.1320 

0.0000 

0.0000 

100.6840 

0.9897 

0.0001 

0.0008 

0.1824 

0.0091 

1.8242 

0.0034 

0.0000 

0.0000 

39.6040 

0.0050 

0.0460 

14.5560 

0.5010 

46.0720 

0.1740 

0.0000 

0.0060 

100.9640 

0.9855 

0.0001 

0.0013 

0.3029 

0.0106 

1.7086 

0.0046 

0.0000 

0.0003 

40.1780 

0.0290 

0.0470 

9.0960 

0.4060 

50.8240 

0.1280 

0.0000 

0.0170 

100.7250 

0.9780 

0.0005 

0.0013 

0.1852 

0.0084 

1.8437 

0.0033 

0.0000 

0.0008 

38.9600 

0.0120 

0.1890 

14.3240 

0.5540 

t5.8210 

0.1870 

0.0000 

0.0000 

100.0470 

0.9788 

0.0002 

0.0056 

0.3010 

0.0118 

1.7157 

0.0050 

0.0000 

0.0000 

38.4420 

0.0240 

0.0630 

18.1330 

0.2780 

42.4140 

0.2100 

0.0000 

0.0000 

99.5640 

0.9865 

0.0005 

0.0019 

0.3892 

0.0060 

1.6222 

0.0058 

0.0000 

0.0000 

39.9570 

0.0490 

0.0500 

15.6840 

0.2450 

H.5560 

0.1710 

0.0000 

0.0000 

100.7120 

0.9990 

0.0009 

0.0015 

0.3280 

0.0052 

1.6602 

0.0046 

0.0000 

0.0000 

38.9020 

0.0000 

0.0230 

18.2450 

0.3090 

43.1690 

0.1810 

0.0000 

0.0160 

100.8450 

0.985t 

0.0000 

0.0007 

0.3865 

0.0066 

1.6297 

0.0049 

0.0000 

0.0008 

39.6210 

0.0000 

0.0230 

15A060 

0.1610 

45.0160 

0.2140 

0.0000 

0.0000 

100.HIO 

0.9929 

0.0000 

0.0007 

0.3229 

0.0034 

\.6812 

0.005i 

0.0000 

0.0000 
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TABLE 1 continued 

Si02 
i.a! 
A1203 
FeO 
!dn0 

MgO 

Cao 
1<20 
NaZO 

SUM 

Si 

Ti 
AI 
Fe 

Mn 
Mg 

Ca 
K 
Na 

Si02 

Ti02 
A1203 
FeO 
!dn0 

MgO 

Cao 
1<20 
NaZO 

SUM 

Si 

Ti 
AI 

Fe 

MIl 
Mg 

Ca 
K 
~a 

SG233-3C SG233-3M SG233-4M SG233-4C SG236-2M SG236-2C SG2513-1 M SG2513-1 C 

39.5040 

0.0000 

0.0750 

16.6270 

0.1630 

44.6980 

0.1540 

0.0000 

0.0000 

101.2210 

0.9878 

0.0000 

0.0022 

0.3477 

0.0035 

1.6657 

0.0041 

0.0000 

0.0000 

39.4380 

0.0280 

0.0180 

17.6880 

0.3100 

43.3270 

0.1650 

0.0000 

0.0000 

100.9940 

0.9936 

0.0005 

0.0005 

0.3727 

0.0066 

1.6267 

0.0050 

0.0000 

0.0000 

36.9780 

0.0010 

0.0180 

17.7200 

0.3390 

43.4960 

0.1670 

0.0000 

0.0000 

100.7190 

0.9662 

0.0000 

0.0005 

0.3749 

0.0073 

1.6401 

0.0045 

0.0000 

0.0000 

39.7690 

0.0010 

0.0770 

15.9850 

0.1770 

44.6240 

0.1970 

0.0000 

0.0000 

100.8300 

0.99~8 

0.0000 

0.0023 

0.3344 

0.0038 

1.6635 

0.0053 

0.0000 

0.0000 

39.8430 

0.0200 

0.0480 

15.2760 

0.4220 

45.4250 

0.1750 

0.0000 

0.0030 

101.2120 

0.9910 

0.0004 

0.0014 

0.3178 

0.0089 

1.6638 

0.0047 

0.0000 

0.0001 

39.9070 

0.0000 

0.0580 

15.7590 

0.3530 

44.8950 

0.1650 

0.0000 

0.0110 

101.1480 

0.9946 

0.0000 

0.0017 

0.3285 

0.0075 

1.6676 

0.0044 

0.0000 

0.0005 

40.4060 

0.0000 

0.0450 

12.6870 

0..4310 

46.8970 

0.1600 

0.0000 

0.0000 

100.6260 

0.9961 

0.0000 

0.0013 

0.2621 

0.0090 

1.7265 

0.0042 

0.0000 

0.0000 

39.9820 

0.0000 

0.0130 

13.4180 

0.4770 

-46.4330 

0.1-440 

0.0000 

0.0000 

100.4670 

0.9935 

0.0000 

0.0004 

0.2789 

0.0100 

1.7196 

0.0038 

0.0000 

0.0000 

SG272-1M SG272-1C SG2i2-2M SG272-2C SG272-3M SG272-3C SG272-4M SG2i2--\C 

40.2900 

0.0240 

0.0080 

12.8760 

0.3730 

47.3730 

0.1600 

0.0000 

0.0060 

101.1100 

0.9918 

0.0004 

0.0002 

0.2651 

0.0078 

1.7379 

0.0042 

0.0000 

0.0003 

39.9380 

0.0000 

0.0330 

15.1550 

0.1150 

45.4230 

0.2090 

0.0000 

0.0000 

100.8730 

0.9946 

0.0000 

0.0010 

0.3156 

0.0024 

1.6856 

0.0056 

0.0000 

0.0000 

39.4050 

0.0000 

0.0260 

17.2300 

0.3670 

43.8880 

0.2310 

0.0000 

0.0000 

101.1470 

0.9899 

0.0000 

0.0008 

0.3620 

0.0078 

1.6431 

0.0062 

0.0000 

0.0000 

39.8680 

0.0130 

0.0650 

15.5950 

0.2490 

45.0260 

0.2340 

0.0000 

0.0000 

101.0500 

0.9937 

0.0002 

0.0019 

0.3251 

0.0053 

1.6726 

0.0062 

0.0000 

0.0000 

40.4270 

0.0230 

0.0380 

11.2490 

0.3400 

47.6940 

0.1130 

0.0000 

0.0000 

99.8840 

0.9991 

0.0004 

0.0011 

0.2325 

0.0071 

1.7567 

0.0030 

0.0000 

0.0000 

39.0150 

0.0300 

0.0230 

15.2960 

0.3500 

45.4250 

0.2100 

0.0000 

0.0000 

100.3490 

0.9807 

0.0006 

0.0007 

0.3216 

0.0075 

1.7017 

0.0057 

0.0000 

0.0000 

39.5050 

0.0450 

0.0350 

16.6860 

0.1900 

H.0360 

0.2070 

0.0000 

0.0150 

100.7210 

0.9931 

0.0009 

0.0010 

0.3508 

0.0040 

1.6498 

0.0056 

0.0000 

0.0007 

39.4470 

0.0000 

0.0370 

17.3370 

0.3030 

H.1560 

0.2080 

0.0000 

0.0000 

101.4880 

0.9877 

0.0000 

0.0011 

0.3631 

0.0064 

1.6478 

0.0056 

1).0000 

0.0000 
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TABLE 1 continued 

Si02 

Tim 
Al203 

FeO 
){nO 

)!gO 

Cao 
K20 

Na20 

SUM 

Si 

Ti 
AI 

Fe 
MIl 

MI 
Ca 
K 
Na 

Si02 
Tim 
Al203 

FeO 
~O 

MgO 

Cao 
K20 

Na20 

SUM 

Si 

Ti 

AI 
Fe 
.\In 

Mg 

Ca 
K 

SG277-IM SG277-IC SG277-2M SG277-2C SG277-3M SG277-3C SG277-4M SG27i-4C 

39.1330 

0.0620 

0.0590 

8.4930 

0.4470 

51.5520 

1.5530 

0.0000 

0.0380 

101.3370 

0.9517 

0.0011 

0.0017 

0.1727 

0.0092 

1.8685 

0.0~05 

0.0000 

0.0018 

40.0300 

0.0540 

0.1300 

8.8510 

0.2980 

50.0320 

1.72~0 

0.0000 

0.0020 

101.1210 

0.9737 

0.0010 

0.0037 

0.1801 

0.0061 

1.8138 

0.0~49 

0.0000 

0.0001 

39.6550 

0.0250 

0.0450 

5.7600 

0.3670 

54.7490 

0.1950 

0.0000 

0.0000 

100.7960 

0.9535 

0.0005 

0.0013 

0.1158 

0.0075 

1.9619 

0.0050 

0.0000 

0.0000 

40.3000 40.0990 

0.0400 0.0140 

0.0510 0.0490 

8.8720 10.3580 

0.3400 0.3740 

50.9860 50.6360 

0.6320 0.3350 

0.0000 0.0000 

0.0050 0.0140 

101.2260 10 l.8790 

0.9762 0.9714 

0.0007 0.0003 

0.0015 0.0014 

0.1 797 0.2098 

0.0070 0.0077 

1.8407 1.8281 

0.0164 0.0087 

0.0000 0.0000 

0.0002 0.0007 

39.9750 

0.0260 

0.0560 

8.7570 

0.2960 

51.7250 

0.2660 

0.0000 

0.0080 

101.l090 

0.9688 

0.0005 

0.0016 

0.1775 

0.0061 

1.8683 

0.0069 

0.0000 

0.0004 

39.2660 

0.0270 

0.1270 

10.2720 

0.3670 

49.7980 

U740 

0.0000 

0.0220 

101.3530 

0.9605 

0.0005 

0.0037 

0.2102 

0.0076 

1.8155 

0.0386 

0.0000 

0.0010 

39.5110 

0.0150 

0.0130 

11.7870 

0.2350 

49.3710 

0.2900 

0.0000 

0.0190 

101.2410 

0.969-\ 

0.0003 

0.0004 

0.2419 

0.0049 

1.8053 

0.0076 

0.0000 

0.0009 

SG277-5M SG277-5C SG277-6M SG277-6C SG277-7M :J:;277-7C ~711-1M SG2ilI-lC 

40.9350 

0.0370 

0.1800 

6.7770 

0.4680 

51.7620 

0.2170 

0.0000 

0.0150 

100.3910 

0.9882 

0.0007 

0.0051 

0.1368 

0.0096 

1.8622 

0.0056 

0.0000 

0.0007 

39.5490 

0.0080 

0.0490 

9.8870 

0.1360 

50.5500 

0.3720 

0.0000 

0.0220 

100.5730 

0.9685 

0.0001 

0.0014 

0.2025 

0.0028 

1.8449 

0.0098 

0.0000 

0.0010 

39.0290 

0.0040 

0.0510 

10.7970 

0.2780 

49.9140 

0.3540 

0.0000 

0.0000 

10D.4270 

0.9626 

0.0001 

0.0015 

0.2227 

0.0058 

1.8346 

0.0094 

0.0000 

0.0000 

39.9620 

0.0320 

0.0000 

9.9910 

0.2330 

50.9170 

0.3680 

0.0000 

0.0050 

lOl.5080 

0.9699 

0.0006 

0.0000 

0.2028 

0.0048 

1.8417 

0.0096 

0.0000 

0.0002 

40.5190 

0.0470 

0.0710 

7.7470 

0.0880 

52.2160 

0.1810 

0.0000 

0.0110 

lOO.8800 

0.9775 

0.0009 

0.0020 

0.1563 

0.0018 

1.8773 

0.0047 

0.0000 

0.0005 

39.2560 

0.0030 

0.0580 

8.6470 

0.1750 

51.9560 

0.2260 

0.0000 

0.0340 

100.3550 

0.9592 

0.0001 

0.0017 

0.1767 

0.0036 

1.8920 

0.0059 

0.0000 

0.0016 

39.7780 

O.OHO 

0.0540 

10.6250 

0.8340 

48.7330 

0.7050 

0.0000 

0.0000 

lOO.7430 

0.9783 

0.0003 

0.0016 

0.2185 

0.0174 

1.7861 

0.0186 

0.0000 

0.0000 

39.4190 

0.0320 

0.0360 

11.5360 

0.63iO 

-\9,43l0 

0.4610 

0.0000 

0.0000 

101.5520 

0.9656 

0.0006 

0.0010 

0.2363 

0.0132 

1.8045 

0.0121 

0.0000 

0.0000 
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TABLE 1 continued 

Si02 

Ti02 
Al203 

FeO 
MoO 
MgO 
Cao 
1(20 

Na20 

SUM 

Si 

Ti 

AI 
Fe 
MIl 

~ 
Ca 
K 

Na 

Si02 

Ti02 

Al203 
FeO 
MoO 
MgO 

Cao 
1\20 

Na20 

SUM 

Si 

Ti 

AI 
Fe 
MIl 

Mg 

Ca 
K 
Na 

SG2711-2M SG27ll-2C SG27ll-3!d SG2711-3C SG281-1M SG281-IC SG281-2M SG281-2C 

39.5520 

0.0070 

0.0590 

11.3960 

0.7090 

{8.7660 

0.5340 

0.0000 

0.0170 

101.0400 

0.9729 

0.0001 

0.0017 

0.2344 

0.0148 

1.7877 

0.0141 

0.0000 

0.0008 

{0.1950 

0.0430 

0.0540 

11.8760 

0.4460 

{8.5970 

0.3510 

0.0000 

0.0090 

101.5710 

0.9823 

0.0008 

0.0016 

0.2427 

0.0092 

1.7700 

0.0092 

0.0000 

0.0004 

39.3060 

0.0320 

0.1550 

11.9390' 

0.8180 

{8,4770 

0.7580 

0.0000 

0.0470 

101.5320 

0.9662 

0.0006 

0.0045 

0.2455 

0.0170 

1.7760 

0.0200 

0.0000 

0.0022 

{0.0930 

0.01l0 

0.0630 

13.2730 

0.2140 

{7.9510 

0.3860 

0.0000 

0.0000 

101.9910 

0.9810 

0.0002 

0.0018 

0.2716 

0.0044 

1.7486 

0.0 I 0 I 

0.0000 

0.0000 

39.5350 

0.0080 

0.0600 

12.8970 

0.1620 

46.7350 

0.2270 

0.0000 

0.0270 

99.6510 

0.9882 

0.0002 

0.0018 

0.2696 

0.0034 

1.7409 

0.0061 

0.0000 

0.0013 

39.9530 

0.0000 

0.0750 

13.4980 

0.1650 

47.0510 

0.1760 

0.0000 

0.0000 

100.9180 

0.9879 

0.0000 

0.0022 

0.2791 

0.0035 

1.7338 

0.0047 

0.0000 

0.0000 

39.3120 

0.0340 

0.0780 

17.2360 

0.4490 

H.1280 

0.3680 

0.0000 

0.0000 

101.6050 

0.9842 

0.0006 

0.0023 

0.3609 

0.0095 

1.6465 

0.0099 

0.0000 

0.0000 

39.7020 

0.0120 

0.0750 

13.1910 

0.1510 

4H750 

0.2420 

0.0000 

0.0590 

100.9070 

0.9616 

0.0002 

0.0022 

0.2728 

0.0032 

1.7493 

0.006{ 

0.0000 

0.0028 

SG281-3M SG281-3C SG261-4M SG281-4C SG281-6M SG281-6C SG268-IM SG288-1C 

40.0220 

0.0300 

0.1300 

14.6740 

0.2260 

46.0940 

0.3010 

0.0000 

0.0100 

101.4870 

0.9690\ 

0.0006 

0.0038 

0.3034 

0.0047 

1.6982 

0.0080 

0.0000 

0.0005 

39.6760 

0.0000 

0.1650 

14.9330 

0.3020 

45.6030 

0.3710 

0.0000 

0.0170 

101.2870 

0.9651 

0.0000 

0.0054 

0.3101 

0.0060\ 

1.6949 

0.0099 

0.0000 

0.0006 

40.3460 

0.0290 

0.0950 

14.4000 

0.2000 

46.5460 

0.2560 

0.0000 

0.0390 

101.9150 

0.9913 

0.0005 

0.0026 

0.2959 

0.0042 

1.700\0\ 

0.0066 

0.0000 

0.0019 

39.6420 

0.0180 

0.0960 

13.4940 

0.0950 

46.6340 

0.2260 

0.0000 

0.0460 

100.6550 

0.9678 

0.0003 

0.0029 

0.2798 

0.0020 

1.7305 

0.0061 

0.0000 

0.0022 

39.5150 

0.0390 

0.0650 

16.8330 

0.3310 

43.9780 

0.3430 

0.0430 

0.0360 

101.2050 

0.9905 

0.0007 

0.0025 

0.3529 

0.0070 

1.6429 

0.0092 

0.0014 

0.0018 

39.6440 

0.0360 

0.0750 

13.5690 

0.2160 

46.6940 

0.2840 

0.0000 

0.0190 

100.5590 

0.9853 

0.0007 

0.0022 

0.2825 

0.0045 

1.7296 

0.0076 

0.0000 

0.0009 

39.3410 

0.0600 

0.0650 

15.3560 

!.l130 

43.6950 

0.8050 

0.0000 

0.0030 

100,4360 

0.9916 

0.0011 

0.0019 

0.3236 

0.0236 

1.6418 

0.0217 

0.0000 

0.0001 

{0.3540 

0.0470 

0.0790 

12.5760 

0.2540 

46.9670 

0,4690 

0.0000 

0.0000 

100.7460 

0.9955 

0.0009 

0.0023 

0.2595 

0.0053 

1.7267 

0.0124 

0.0000 

0.0000 
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TABLE 2 Pyroxene Composition 

Si02 

Ti02 

A1203 
FeO 
MoO 
MgO 

Cao 
1<20 
Na20 

SUM 

Si 

Ti 
AI 

Fe 
Mn 
Mg 

Ca 
K 
Na 

Si02 

TI02 

A1203 
FeO 
MnO 
Mgo 
Cao 
1<20 
Na20 

SUM 

Si 

Ti 

AI 

Fe 
MIl 
Mg 
Ca 
K 

Na 

~19-4M SG219-4C SG219-7M ~19-7C SG219-6M ~19-8C ~19-9M SG219-9C 

49.6540 

0.8990 

3.7550 

8.2820 

0.2980 

16.5600 

20.3480 

0.0020 

0.4720 

100.2700 

1.6456 

0.0251 

0.1645 

0.2575 

0.0094 

0.9173 

0.8104 

0.0001 

0.0340 

5204690 

0.3230 

1.3130 

7.0470 

0.1850 

19.3120 

18.2130 

0.0000 

0.2100 

99.0720 

1.9398 

0.0090 

0.0572 

0.2179 

0.0058 

1.0640 

0.7215 

0.0000 

0.0151 

50.5390 

0.6010 

2.9730 

6.7510 

0.2900 

17.0310 

2G..l310 

0.0040 

0.4790 

99.0990 

1.8849 

0.0169 

0.1307 

0.2106 

0.0092 

0.9467 

0.8165 

0.0002 

0.0346 

52A550 

0.2500 

1.\ 500 

7.1830 

0.1580 

19.9010 

17.5430 

0.0000 

0.2170 

98.8570 

1.9412 

0.0070 

0.0502 

0.2223 

0.0050 

1.0976 

0.6957 

0.0000 

0.0156 

50.5380 

0.5320 

2A860 

6.9040 

0.1540 

17.3240 

19.8170 

0.0000 

0.3940 

98.1490 

1.8998 

0.0150 

0.1102 

0.2171 

0.0049 

0.9705 

0.7982 

0.0000 

0.0287 

50.1260 

0.7300 

2.8110 

7.1420 

0.2330 

17A780 

20.1000 

0.0000 

0.3470 

96.9670 

1.8749 

0.0205 

0.1240 

0.2234 

0.0074 

0.9743 

0.8056 

0.0000 

0.0252 

51.0HO 

0.5980 

2.1520 

6.6710 

0.2400 

17.2760 

20.5690 

0.0240 

0.5l100 

99.1540 

1.9030 

0.0168 

0.0946 

0.2060 

0.0076 

0.9599 

0.8217 

0.0011 

0.0419 

52.5620 

0.3180 

1.2130 

6.0120 

0.2460 

18.5130 

19.9570 

0.0000 

0.2820 

99.1030 

1.9440 

0.0088 

0.0529 

0.1860 

0.0077 

1.0204 

0.7909 

0.0000 

0.0202 

~19-IIM SG219-IIC SG219-12M ~19-12C SG222-IM SG222-IC SG222-2C SG222-2M 

50.8250 

0.4590 

2.1860 

5.9380 

0.0800 

16.9150 

21.4770 

0.0000 

0.3390 

98.2190 

1.9084 

0.0130 

0.0968 

0.1865 

0.0025 

0.9466 

0.8641 

0.0000 

0.0247 

51.9850 

0.3130 

1.6860 

5.3090 

0.1280 

17.5300 

21.3690 

0.0000 

004080 

98.7280 

1.9327 

0.0088 

0.0739 

0.1651 

0.0040 

0.9713 

0.8512 

0.0000 

0.0294 

50.7590 

0.7890 

2.1880 

6.7540 

0.3680 

16.7640 

20.7330 

0.0110 

0.6140 

98.9800 

1.8995 

0.0222 

0.0965 

0.2114 

0.0117 

0.9349 

0.8313 

0.0005 

0.OH6 

52.6600 

0.3000 

1.3140 

5.9500 

0.1660 

18.1900 

20.7500 

0.0000 

0.3120 

99.6420 

1.940 I 

0.0083 

0.0571 

0.1833 

0.0052 

0.9988 

0.8191 

0.0000 

0.0223 

48.3470 

0.9000 

4.7480 

7.8000 

0.2140 

14.5510 

21.0590 

0.0000 

0.5090 

98.1280 

1.8372 

0.0257 

0.2127 

0.2479 

0.0069 

0.8241 

0.8575 

0.0000 

0.0375 

49.0350 

0.9460 

4.8470 

7.6870 

0.1380 

14.8250 

21.2940 

0.0000 

0.4680 

99.2400 

1.8391 

0.0267 

0.2143 

0.2411 

0.0044 

0.8287 

0.8558 

0.0000 

0.0340 

50.9610 

0.4790 

2.7870 

7.3760 

0.1220 

17.1070 

20.0320 

0.0000 

0.3560 

99.2200 

1.8974 

0.0134 

0.1223 

0.2297 

0.0038 

0.9493 

0.7992 

0.0000 

0.0257 

49.6620 

0.9000 

4.8920 

7.t880 

0.1320 

15.0140 

21.2210 

0.0000 

0.4530 

99.7620 

t.8478 

0.0252 

0.2146 

0.2330 

0.00t2 

0.8326 

0.8460 

0.0000 

0.0327 
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TABLE 2 continued 

Si02 

Ti02 
A1203 

FeO 
MnO 
MgO 

Cao 
1\20 
Na20 

SUM 

Si 

Ti 
AI 

Fe 
Mn 
Mg 

Ca 
K 
Na 

Si02 

'li02 

A1203 

FeO 
MnO 
MgO 

Cao 
1\20 
Na20 

SUM 

Si 

'Ii 
AI 

Fe 

MIl 
!,Ig 

Ca 
K 
Na 

SG222-3M SG222-3C SG222-4M SG222-4C SG222-5M SG222-5C SG222-aM SG222-aC 

50.6210 

0.6340 

2.7550 

7.5650 

0.2130 

17.0750 

19.6690 

0.0020 

0.3890 

98.9230 

[,8927 

0.0178 

0.1214 

0.2366 

0.0067 

0.9514 

0.7880 

0.0001 

0.0282 

-lHOOO 

0.8650 

404180 

7.5330 

0.1380 

15.5890 

21.0620 

0.0000 

Q.-l590 

99.4640 

1.8458 

0.02-l3 

0.1946 

0.2354 

0.0044 

0.8681 

0.8433 

0.0000 

0.0333 

50.4820 

0.6570 

3.5260 

6.8210 

0.1360 

16.2870 

21.2540 

0.0040 

0.3840 

99.5510 

1.8763 

0.0184 

0.1545 

0.2120 

0.0043 

0.9022 

0.8465 

0.0002 

0.0277 

51.7900 

0.·\140 

2.3280 

6.6220 

0.0940 

17.5050 

20.6150 

0.0000 

0.2460 

99.6140 

1.9140 

0.0115 

0.1014 

0.2047 

0.0029 

0.9641 

0.8163 

0.0000 

0.0176 

51.1960 

0.4710 

2.H40 

6.7280 

0.1120 

16.9970 

21.0170 

0.0000 

0.2650 

99.2300 

1.9049 

0.0132 

0.1072 

0.2094 

0.0035 

0.9425 

0.8379 

0.0000 

0.0191 

-lH380 

0.7320 

3.9590 

6.9270 

0.1910 

16.0240 

21.2270 

0.0000 

0.4460 

98.9440 

1.8540 

0.0206 

0.1750 

0.2173 

0.0061 

0.8956 

0.8530 

0.0000 

0.0324 

49.7340 

0.6630 

4.0770 

7.0320 

0.1540 

16.0160 

21.0560 

0.0000 

0.3910 

99.1230 

1.8593 

0.0186 

0.1797 

0.2199 

0.0049 

0.8923 

0.8434 

0.0000 

0.0283 

51.4870 

0.4060 

2.1570 

6.0720 

0.1970 

17.2620 

20.9070 

0.0000 

0.2960 

98.7840 

1.9181 

0.011-l 

0.0947 

0.1892 

0.0062 

0.958-l 

0.8345 

0.0000 

0.0214 

SG222-8M SG222-8C SG222-9M SG222-9C SG222-7M SG222-7C SG222-IOM SG222-IOC 

-l9.9470 

0.7550 

U520 

7.6530 

0.1980 

15.-l960 

21.3550 

0.0000 

0.4100 

99.9660 

1.8578 

0.0211 

0.1821 

0.2381 

0.0062 

0.8590 

0.8511 

0.0000 

0.0296 

49.3570 

0.7600 

U430 

6.7890 

0.1780 

16.0240 

21.1280 

0.0000 

0.3760 

98.7550 

1.8521 

0.0214 

0.1833 

0.2131 

0.0057 

0.8961 

0.8495 

0.0000 

0.0274 

51.0960 

0.5070 

3.1170 

7.1460 

0.1790 

16.7780 

20.8810 

0.0000 

0.4450 

100.1490 

1.8877 

0.0141 

0.1358 

0.2208 

0.0056 

0.9238 

0.8266 

0.0000 

0.0319 

51.7580 

0.4870 

2.3750 

6.3510 

0.1590 

17.3630 

21.0960 

0.0000 

0.3310 

99.9200 

1.9088 

0.0135 

0.1033 

0.1959 

0.0050 

0.9543 

0.8336 

0.0000 

0.0237 

49.0830 

0.8020 

4.6740 

7A520 

0.1630 

15.4100 

21.5670 

0.0000 

0.4480 

99.5990 

1.8347 

0.0225 

0.2060 

0.2330 

0.0052 

0.858-l 

0.8638 

0.0000 

0.0325 

-l9.6390 

0.6920 

3.9960 

6.9130 

0.1320 

16.1330 

21.2780 

0.0000 

0.-l370 

99.2200 

1.8551 

0.0194 

0.1761 

0.2161 

0.0042 

0.8986 

0.8521 

0.0000 

0.0317 

49.2990 

0.8960 

4.8620 

7.6470 

0.1890 

15.4850 

21.0330 

0.0000 

0.4370 

99.8480 

1.8357 

0.0251 

0.2134 

0.2381 

0.0060 

0.8593 

0.8392 

0.0000 

0.0316 

50.0590 

0.6030 

3.6860 

6.5HO 

0.1750 

15.9430 

21.6710 

0.0000 

0.4010 

99.1120 

1.8707 

0.0169 

0.162-l 

0.2055 

0.0055 

0.8879 

0.8677 

0.0000 

0.0291 
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TABLE 2 continued 

Si02 

T!02 
A1203 
FeO 
MnO 
MgO 

rao 
K20 

Na20 

SUM 

Si 
'Ii 
AI 
Fe 
Mn 
Mg 

ra 
K 
Na 

Si02 

T!02 
A1203 
FeO 
MnO 

MgO 

rao 
K20 

Na20 

SUM 

Si 

'Ii 
AI 

Fe 
Mn 

Mg 
ra 
K 
:-la 

~24-1M ~24-1C ~24-2M ~24-2C ~24-3M ~2t-3C ~22t-5M ~24-5C 

50.7680 

0.4900 

3.0460 

7.0550 

0.1640 

16.7630 

20.2790 

0.0000 

0.3430 

96.9060 

1.6950 

0.0138 

0.1340 

0.2202 

0.0052 

0.9325 

0.6111 

0.0000 

0.0248 

49.6220 

0.8720 

4.7090 

7.5540 

0.0600 

15.4640 

21.1770 

0.0000 

004330 

99.6910 

1.8446 

0.0244 

0.2064 

0.2346 

0.0019 

0.8567 

0.8435 

0.0000 

0.0312 

49.1800 

0.6720 

4.4090 

8.1450 

0.1680 

15.1910 

21.0150 

0.0020 

0.4700 

99.4520 

1.8438 

0.0246 

0.1949 

0.2554 

0.0053 

0.6468 

0.8442 

0.0001 

0.0342 

50.8590 

0.5450 

2.8100 

7.2970 

0.1510 

16.8060 

20.5100 

0.0000 

0.3830 

99.3610 

1.8938 

0.0153 

0.1234 

0.2272 

0.0048 

0.9326 

0.6183 

0.0000 

0.0277 

51.5810 

0.5360 

2.5430 

7.1590 

0.2010 

16.8810 

20.5840 

0.0000 

004020 

99.8670 

1.9077 

0.0149 

0.1109 

0.2214 

0.0063 

0.9305 

0.8157 

0.0000 

0.0288 

47.6000 

0.6590 

5.0400 

7.9710 

0.1450 

15.5710 

20.9550 

0.0000 

0.5330 

98.6740 

1.8034 

0.0245 

0.2251 

0.2526 

0.0047 

0.8792 

0.8507 

0.0000 

0.0392 

50.7360 

0.5680 

2.7320 

7.1480 

0.1820 

16.8740 

21.2590 

0.0000 

0.3020 

99.6210 

1.8845 

0.0164 

0.1196 

0.2220 

0.0057 

0.9341 

0.6461 

0.0000 

0.0216 

49.9160 

0.6550 

3.U80 

6.9290 

0.1020 

16.0270 

21.2660 

0.0000 

0.3390 

98.7020 

1.6740 

0.0185 

0.1526 

0.2176 

0.0032 

0.8967 

0.8563 

0.0000 

0.0247 

~24-6M SG224-6C ~33-AM ~33-AC ~33-BM ~33-OC ~33-IM ~33-IC 

50.6260 

0.5250 

2.6430 

i.3060 

0.1760 

16.8590 

20.2130 

0.0000 

0.3560 

98.7080 

1.8972 

0.0148 

0.1168 

0.2290 

0.0056 

0.9416 

0.8116 

0.0000 

0.0260 

50.4310 

0.5500 

2.9730 

7.2570 

0.2100 

16.6660 

20.4950 

0.0000 

0.3920 

98.9740 

1.8868 

0.0155 

0.1311 

0.2271 

0.0067 

0.9293 

0.8216 

0.0000 

0.0284 

50.0010 

0.8140 

3.7570 

6.4630 

0.2040 

15.3600 

20.7860 

0.0020 

0.H60 

99.8530 

1.8663 

0.0228 

0.1653 

0.2642 

0.0064 

0.8555 

0.8313 

0.0001 

0.0323 

48.9020 

1.1910 

4.HI0 

6.6990 

0.1940 

15.2130 

20.8670 

0.0000 

0.3610 

99.8880 

1.8305 

0.0335 

0.1960 

0.2723 

0.0062 

0.6467 

0.8370 

0.0000 

0.027i 

50.3160 

0.6480 

3.3030 

7.4010 

0.1330 

16.0950 

21.1100 

0.0010 

0.4570 

99.4640 

1.8775 

0.0182 

0.1453 

0.2310 

0.0042 

0.8950 

0.8440 

0.0000 

0.0331 

51.5620 

0.5670 

2.7980 

7.2630 

0.2220 

16.5050 

20.4770 

0.0200 

0.3920 

99.6260 

1.9081 

0.0158 

0.1221 

0.2254 

0.0070 

0.9103 

0.8120 

0.0009 

0.0281 

50.4120 

0.7070 

3.4290 

7.8330 

0.1070 

15.7880 

20.6090 

0.0210 

0.3510 

99.4570 

1.8614 

0.0198 

0.1509 

0.2H5 

0.0034 

0.8781 

0.6321 

0.0010 

0.0254 

50.4750 

0.7210 

3.3960 

6.8790 

0.1190 

16.1640 

20.9250 

0.0000 

0.3730 

99.0520 

1.8838 

0.0202 

O.14H 

0.2147 

0.0038 

0.8991 

0.8368 

0.0000 

0.0270 
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TABLE 2 continued 

S~ 

T!02 
A1203 
FeO 
MoO 
MgO 
Cao 
K20 

Na20 

SUM 

Si 

Ti 
AI 
Fe 
loin 
M( 

Ca 
K 
~a 

Si02 

Ti02 

A1203 
FeO 
MoO 
MgO 

Cao 
K20 

Na20 

SUM 

Si 

Ti 

AI 
Fe 
MIl 
Mg 
Ca 
K 
Na 

~33-2C ~33-3M ~33-3C ~33-4M ~33-4C ~36-IM ~36-IC SG236-2M 

50.6970 

0.8450 

3.4100 

7.0290 

0.0790 

16.2980 

21.2900 

0.0000 

0.3610 

100.0090 

1.8766 

0.0235 

0.1488 

0.2176 

0.0025 

0.8991 

0.8U4 

0.0000 

0.0259 

49.0540 

0.9910 

4.0730 

8.3960 

0.2390 

15.6450 

21.0430 

0.0030 

0.4190 

99.8630 

1.8361 

0.0279 

0.1797 

0.2628 

0.0076 

0.8727 

0.8440 

0.0001 

0.0304 

51.7570 

0.7220 

3.0UO 

6.6930 

0.2030 

16.7860 

20.9530 

0.0000 

0.3850 

100.5430 

1.8983 

0.0199 

0.1316 

0.2053 

0.0063 

0.9175 

0.8234 

0.0000 

0.0274 

49.7730 

0.7750 

3.7050 

7.7280 

0.1790 

15.8460 

21.4710 

0.0000 

0.4390 

99.9160 

1.8557 

0.0217 

0.1629 

0.2410 

0.0057 

0.8805 

0.8578 

0.0000 

0.0317 

52.8530 

0.3850 

1.7700 

6.2810 

0.2010 

17.6210 

21.1740 

0.0040 

0.3530 

100.6420 

1.9321 

0.0106 

0.0763 

0.1920 

0.0062 

0.9600 

0.8294 

0.0002 

0.0250 

50.8010 

0.7110 

3.3070 

7.3580 

0.1 730 

16.5990 

21.0660 

0.0130 

0.4600 

100.4880 

1.8748 

0.0197 

0.1439 

0.2271 

0.0054 

0.9129 

0.8330 

0.0006 

0.0329 

52.7590 

0.3020 

1.1280 

6.2810 

0.1950 

18.4310 

20.2600 

0.0000 

0.2260 

99.5820 

1.9447 

0.0084 

0.0490 

0.1936 

0.0061 

1.0125 

0.6002 

0.0000 

0.0162 

51.8500 

0.4140 

2.0940 

6.0690 

0.1670 

17.4880 

20.4270 

0.0000 

0.3690 

98.8780 

1.9257 

0.0116 

0.0917 

0.1885 

0.0053 

0.9680 

0.6129 

0.0000 

0.0266 

~36-2C SG236-3M ~36-3C ~36-4M ~36-4C ~36-5M ~36-5C SGZUZ-1 M 

51.5370 

0.5600 

2.5320 

6.8090 

0.1200 

16.7300 

21.0280 

0.0000 

0.3890 

99.7050 

1.9084 

0.0156 

0.1105 

0.2109 

0.0038 

0.9233 

0.8343 

0.0000 

0.0279 

49.7060 

1.0100 

3.9520 

7.8410 

0.2210 

15.1970 

2IA740 

0.0000 

0.4,090 

99.8100 

1.8556 

0.0284 

0.1739 

0.2448 

0.0070 

0.8455 

0.8590 

0.0000 

0.0296 

49.6070 

0.9730 

3.6660 

8.7870 

0.2150 

16.3560 

19.9020 

0.0000 

0.5580 

100.0640 

1.8495 

0.0273 

0.1611 

0.2740 

0.0068 

0.9088 

0.7951 

0.0000 

0.0403 

52.2830 

0.3800 

1.9870 

6.2040 

0.1100 

17.6290 

20.7420 

0.0000 

0.·lI90 

99.7540 

1.9264 

0.0105 

0.0863 

0.1912 

0.0034 

0.9681 

0.8189 

0.0000 

0.0299 

52.2630 

0.3730 

2.1330 

5.U20 

0.0790 

17.1680 

21.2620 

0.0000 

0.3710 

99.0910 

1.9332 

0.0104 

0.0930 

0.1684 

0.0025 

0.9464 

0.6427 

0.0000 

0.0266 

49.7080 

0.9030 

4.1060 

7.9240 

0.1200 

15.9640 

21.0690 

0.0000 

0.3370 

100.1310 

1.8472 

0.0252 

0.1799 

0.2463 

0.0038 

0.8841 

0.8389 

0.0000 

0.0243 

51.6690 

0.5070 

2.1690 

7.2200 

0.2050 

17.5740 

20.1560 

0.0000 

0.2210 

99.7210 

1.9119 

0.0141 

0.0946 

0.2234 

0.0064 

0.9691 

0.7992 

0.0000 

0.0159 

49.9940 

0.8510 

3.7820 

7.5840 

0.0440 

15.5350 

21.3260 

0.0110 

0.4760 

99.6030 

1.8654 

0.0239 

0.166-\ 

0.2367 

0.00 f.l 

0.8638 

0.8526 

0.0005 

0.03H 
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TABLE 2 continued 

Si(X! 

ii02 

Al200 

FeO 
MnO 
!dgO 
Cao 
K20 
NaZO 

SUM 

Si 

Ti 
AI 
Fe 
Mn 
!dg 

Ca 
K 
Na 

Si02 

Ti02 
A1200 
FeO 
MnO 
!dgO 

Cao 
1<20 
~a20 

SUM 

Si 

Ti 
AI 
Fe 
MIl 
Mg 
Ca 
K 

SG24A2-IC SG24A2-2M SG24A2-2C SG24A2-3!d SG24A2-3C SG24A2-5/d SG24A2-5C SG252-:\.\{ 

48.7850 

0.9870 

4.3700 

8.2340 

0.1730 

15.2170 

21.1500 

0.0000 

0.4300 

99.3460 

1.8343 

0.0279 

0.1937 

0.2589 

0.0055 

0.8527 

0.8521 

0.0000 

0.0314 

49.3780 

0.9260 

4.0950 

7.7790 

0.2110 

15.7000 

20.6530 

0.0070 

0.4050 

99.1540 

1.8517 

0.0261 

0.1810 

0.2440 

0.0067 

0.8774 

0.8299 

0.0003 

0.0294 

53.8390 

0.2220 

0.4820 

7.1970 

0.1390 

17.U50 

20.3750 

0.0060 

0.2730 

99.9480 

1.9811 

0.0061 

0.0209 

0.2215 

0.0043 

0.9550 

0.8034 

0.0003 

0.0195 

50.0300 

0.8500 

3.7330 

8.0230 

0.1430 

16.0530 

20.7970 

0.0000 

0.4340 

100.0630 

1.8599 

0.0238 

0.1636 

0.2494 

0.0045 

0.8894 

0.8284 

0.0000 

0.0313 

52.5550 

0.3730 

1.7440 

6.1330 

0.1750 

17.1370 

21.3590 

0.0000 

0.3790 

99.8550 

1.9366 

0.0103 

0.0758 

0.1890 

0.0055 

0.9411 

0.8433 

0.0000 

0.0271 

49.9350 

0.7480 

3.3450 

7.1650 

0.0870 

15.8150 

21.0150 

0.0000 

0.3540 

98.4640 

1.8795 

0.0212 

0.1484 

0.2255 

0.0028 

0.8871 

0.8476 

0.0000 

0.0258 

51.1830 

0.4600 

2.2010 

6.2780 

0.1540 

16.7880 

21.0890 

0.0000 

0.3700 

98.5230 

1.9157 

0.0129 

0.0971 

0.1965 

0.0049 

0.9364 

0.8458 

0.0000 

0.0269 

50.7530 

0.5080 

2.4960 

7.2150 

0.2230 

16.3000 

21.5320 

0.0000 

0.3850 

99.4120 

1.8956 

0.0143 

0.1099 

0.2254 

0.0071 

0.9073 

0.8617 

0.0000 

0.0279 

SG252-AC SG252-2M SG252-2C SG252-3AM SG252-3AC SG252-3M SG252-3C SG252-4!d 

49.1960 

0.2710 

4.3840 

12.5050 

0.2400 

11.3260 

20.1460 

0.0000 

1.1440 

99.2120 

1.8826 

0.0078 

0.1978 

0.4002 

0.0078 

0.6459 

0.8261 

0.0000 

0.0849 

49.5610 

0.8280 

3.4620 

8.0920 

0.1580 

15.3020 

20.9320 

0.0040 

0.3340 

98.6730 

1.8708 

0.0235 

0.1541 

0.2555 

0.0051 

0.8608 

0.8466 

0.0002 

0.0244 

49.4650 

0.7180 

3.4590 

7.9780 

0.1600 

15.4970 

21.0130 

0.0000 

0.3590 

98.6490 

1.8679 

0.0204 

0.1540 

0.2519 

0.0051 

0.8721 

0.8502 

0.0000 

0.0263 

50.0740 

0.7810 

3.4140 

7.8990 

0.1980 

15.8190 

20.9430 

0.0120 

0.U90 

99.5590 

1.8712 

0.0219 

0.1504 

0.2469 

0.0063 

0.8810 

0.8386 

0.0006 

0.0304 

49.5210 

0.8090 

3.4100 

7.8650 

0.1220 

15.7960 

21.1950 

0.0000 

0.3340 

99.0520 

1.8623 

0.0229 

0.1512 

0.2474 

0.0039 

0.8853 

0.8541 

0.0000 

0.0244 

50.0450 

0.6910 

3.2090 

7.9230 

0.1870 

15.7190 

20.8380 

0.0000 

0.3800 

98.9920 

1.8801 

0.0195 

0.1421 

0.2-t89 

0.0060 

0.8801 

0.8388 

0.0000 

0.0277 

49.5170 

1.0240 

3.9330 

7.9760 

0.1390 

14.9500 

21.4110 

0.0000 

0.3270 

99.2770 

1.8585 

0.0289 

0.1740 

0.2504 

O.OOH 

0.8363 

0.8611 

0.0000 

0.0238 

52.6670 

0.4080 

1.7060 

7.1820 

0.1190 

17.2010 

20.6100 

0.0000 

0.2960 

100.1890 

1.9377 

0.0113 

0.0740 

0.2210 

0.0037 

0.9432 

0.8125 

0.0000 

0.0211 
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TABLE 2 continued 

Si02 

Ti02 
AI200 

FeO 
MnO 

MgO 
Cao 
1<20 
~a20 

SUM 

Si 

Ti 
AI 
Fe 
Mn 
Mg 
Ca 
K 
Na 

Si02 

Ti02 

A1200 

FeO 
MnO 

MgO 
Cao 
1<20 
Na20 

SUM 

Si 

Ti 

AI 
Fe 
'.In 
Mg 

Ca 
K 

Na 

SG252-4C SG252-5M SG252-5C SG252-4iM SG252-4iC SG252-4iAM SG252-4iAC SG258-1 M 

52.5980 

0.2880 

1.8380 

5.8600 

0.1620 

16.7190 

21.4050 

0.0000 

0.3620 

99.2720 

1.9462 

0.0060 

0.0802 

0.1820 

0.0057 

0.9220 

0.8487 

0.0000 

0.0260 

49.6970 

0.7020 

3.5970 

8.0680 

0.0970 

16.0400 

20.5400 

0.0000 

0.3940 

99.1350 

1.8644 

0.0198 

0.1591 

0.2531 

0.0031 

0.8968 

0.8257 

0.0000 

0.0287 

52.8030 

0.3310 

1.8660 

6.0630 

0.1060 

16.9060 

21.3110 

0.0000 

0.4400 

99.8460 

1.9432 

0.0092 

0.0810 

0.1872 

0.0033 

0.9272 

0.8404 

0.0000 

0.0314 

50.4590 

0.6650 

3.3350 

7.6HO 

0.1710 

15.7850 

21.7010 

0.0000 

0.3420 

100.1020 

1.8751 

0.0186 

0.1461 

0.2376 

0.0054 

0.8742 

0.8641 

0.0000 

0.0246 

51.5690 

0.3770 

1.9100 

5.9610 

0.1420 

16.9170 

21.4960 

0.0000 

0.3360 

98.7100 

1.9247 

0.0106 

0.0840 

0.1861 

0.0045 

0.9410 

0.6597 

0.0000 

0.0245 

50.5900 

0.6150 

2.9420 

7.3660 

0.1830 

16.0590 

21.8030 

0.0030 

0.3660 

99.9270 

1.8821 

0.0172 

0.1290 

0.2292 

0.0058 

0.8904 

0.8691 

0.0001 

0.0264 

52.2490 

0.3110 

1.7690 

5.9240 

0.1440 

16.8970 

21.6900 

0.0000 

0.3260 

99.3100 

1.9362 

0.0087 

0.0773 

0.1836 

0.0045 

0.9332 

0.8613 

0.0000 

0.0234 

52.8140 

0.3320 

1.4440 

5.8930 

0.1440 

17.1620 

21.5430 

0.0000 

0.2860 

99.6180 

1.9480 

0.0092 

0.0628 

0.1818 

0.0045 

0.9434 

0.8514 

0.0000 

0.0205 

SG256-IC SG256-2M SG256-2C SG2510-1M SG2510-1C SG2510-2M SG2510-2C SG2510-3M 

52.1830 

0.3080 

1.7420 

5.7350 

0.0710 

16.8620 

21.5140 

0.0000 

0.3690 

98.7840 

1.9410 

0.0066 

0.0764 

0.1784 

0.0022 

0.9347 

0.8575 

0.0000 

0.0266 

49.5710 

0.7020 

3.2460 

6.2370 

0.1800 

16.4530 

19.5410 

0.0010 

0.2670 

96.1980 

1.6742 

0.0200 

0.1447 

0.2605 

0.0058 

0.9271 

0.7916 

0.0000 

0.0196 

50.4740 

0.5650 

3.0470 

7.4330 

0.1390 

15.6820 

20.9930 

0.0000 

0.4300 

98.7630 

1.8951 

0.0160 

0.1349 

0.2334 

0.0044 

0.8775 

0.8446 

0.0000 

0.0313 

50.8550 

0.6240 

2.0360 

6.9490 

0.2430 

16.2250 

21.9560 

0.0000 

0.5340 

99.4220 

1.9012 

0.0175 

0.0897 

0.2173 

0.0077 

0.9040 

0.8795 

0.0000 

0.0367 

51.9330 

0.3620 

2.0510 

5.7160 

0.0860 

16.8070 

21.5690 

0.0000 

0.3900 

98.9340 

1.9299 

0.0107 

0.0899 

0.1776 

0.0027 

0.9308 

0.8566 

0.0000 

0.0281 

52.5600 

0.3900 

1.6020 

6.8650 

0.2830 

18.0090 

19.8720 

0.0050 

0.2960 

99.9020 

1.9352 

0.0106 

0.0695 

0.2120 

0.0088 

0.9882 

0.7840 

0.0002 

0.0211 

52.4240 

0.3900 

1.7250 

7.0740 

0.1120 

17.4880 

20.2830 

0.0000 

0.2350 

99.7310 

1.9354 

0.0108 

0.0751 

0.2184 

0.0035 

0.9622 

0.8024 

0.0000 

0.0168 

50.7850 

0.5770 

2.9570 

7.2720 

0.2400 

16.4050 

20.4730 

0.0050 

0.4100 

99.1240 

1.8957 

0.0162 

0.1301 

0.2270 

0.0076 . 

0.9126 

0.8189 

0.0002 

0.0297 
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TABLE 2 continued 

Si02 

i!02 
A1203 
FeO 
MoO 
MgO 
Cao 
((20 

NaZO 

SUM 

Si 

Ti 

AI 
Fe 
Mn 

Me 
Ca 
K 

Na 

Si02 

i!02 
A1203 
FeO 
MoO 
MgO 

Cao 
((20 

~aZo 

SUM 

Si 

Ti 

AI 
Fe 
Mn 
Mg 

Ca 
K 
~a 

~510-3C ~510-AM 9::2510-AC ~510-5M ~510-5C ~513-IM ~5l3-lM ~5l3-lC 

52.1100 

0.4030 

1.9490 

6.6900 

0.1700 

17.5810 

19.8830 

0.0000 

0.3520 

99.1380 

1.9317 

0.0112 

0.0852 

0.2074 

0.0053 

0.9713 

0.7898 

0.0000 

0.0253 

53.2640 

0.1100 

1.5190 

14.2690 

0.4160 

28.1300 

1.0450 

0.0000 

0.0010 

98.7540 

1.9403 

0.0030 

0.0652 

0.4347 

0.0128 

1.5272 

0.0408 

0.0000 

0.0001 

55.4290 

0.1580 

0.9290 

10.5200 

0.2680 

30.6060 

1.4210 

0.0000 

0.0000 

99.3310 

1.9691 

0.0042 

0.0389 

0.3125 

0.0081 

1.6204 

0.0541 

0.0000 

0.0000 

51.4030 

0.5760 

2.4090 

6.7190 

0.1780 

17.0320 

20.9810 

0.0030 

0.3090 

99.6100 

1.9054 

0.0161 

0.1053 

0.2083 

0.0056 

0.9409 

0.8333 

0.0001 

0.0222 

52.6570 

M140 

1.8670 

6.2590 

0.1810 

16.9270 

21.2140 

0.0000 

0.4920 

lOO.0110 

1.9376 

0.0115 

0.0810 

0.1926 

0.0056 

0.9282 

0.8364 

0.0000 

0.0351 

54.8720 

0.1970 

1.1210 

10.9890· 

0.1700 

30.2670 

1.6780 

0.0000 

0.0550 

99.3490 

1.9560 

0.0053 

0.0471 

0.3276 

0.0051 

1.6080 

0.0641 

0.0000 

0.0038 

54.9860 

0.1900 

1.0350 

12.0320 

0.2590 

29.8020 

1.2310 

0.0000 

0.0460 

99.5810 

1.9621 

0.0051 

0.0435 

0.3591 

0.0078 

1.5848 

0.0471 

0.0000 

0.0032 

54.5930 

0.2170 

1.1840 

10.9170 

0.2330 

30.4900 

1.5800 

0.0000 

o.oUO 

99.2250 

1.9489 

0.0058 

0.0498 

0.3259 

0.0070 

1.6221 

0.0604 

0.0000 

0.0008 

~513-1C SG25l3-2M SG25l3-2C SG2513-3M ~513-3C SG2513-4C SG2513-4M SG2513-5M 

55.0920 

0.1900 

1.0910 

10.6240 

0.2610 

3004000 

1.6050 

0.0000 

0.0000 

99.2630 

1.9614 

0.0051 

0.0458 

0.3163 

0.0079 

1.6130 

0.0612 

0.0000 

0.0000 

55.7110 

0.2150 

0.9490 

10.6040 

0.2740 

30.5650 

U520 

0.0000 

0.0150 

99.7850 

1.9704 

0.0057 

0.0396 

0.3137 

0.0082 

1.6111 

0.0550 

0.0000 

0.0010 

55.2840 

0.1780 

1.0500 

10.7030 

0.3380 

30.5820 

1.3690 

0.0000 

0.0190 

99.5230 

1.9628 

0.0048 

O.OHO 

0.3178 

0.0102 

1.6182 

0.0521 

0.0000 

0.0013 

51.1500 

0.5500 

2.8610 

7.0460 

0.1690 

16.6740 

20.7810 

0.0160 

0.4650 

99.7120 

1.8968 

0.0153 

0.1251 

0.2185 

0.0053 

0.9215 

0.8257 

0.0008 

0.0334 

51.8620 

0.6200 

2.4910 

6.7990 

0.2280 

16.6320 

21.1290 

0.0100 

0.4090 

100.1800 

1.9117 

0.0172 

0.1083 

0.2096 

0.0071 

0.9137 

0.8345 

0.0005 

0.0292 

51.2410 

0.6140 

2,4160 

6.7270 

0.1190 

16.7040 

21.2860 

0.0000 

0.3230 

99.4300 

1.9046 

0.0172 

0.1059 

0.2091 

0.0037 

0.9253 

0.8478 

0.0000 

0.0233 

50.8330 

0.5990 

204840 

7.1340 

0.1860 

17.2420 

19.8050 

0.0000 

0.3110 

98.5940 

1.9026 

0.0169 

0.1096 

0.2233 

0.0059 

0.9618 

0.7943 

0.0000 

0.0226 

51.7820 

0.6770 

2.9060 

7.1560 

0.1220 

16.3590 

20.9180 

0.0000 

0.3790 

100.2990 

1.9064 

0.0187 

0.1261 

0.2203 

0.0038 

0.8976 

0.8252 

0.0000 

0.0271 
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TABLE 2 continued 

S~ 

Ti02 

A1203 
FeO 
MIlO 
MgO 
Cao 
1\20 
NaZO 

SUM 

Si 

Ti 
AI 

Fe 
Mn 
Mg 
Ca 
K 
Na 

Si02 

Ti02 

A1203 
FeO 
MIlO 
MgO 
Cao 
1\20 
NaZO 

SUM 

Si 

Ti 

AI 
Fe 

Mn 
Mg 

Ca 
K 
~a 

SG2513-5C SG2513-7M SG2513-7C SG2513-8M SG2513-8C SG2517-1C SG2517-1M SG2517-2M 

51.9700 

0.5070 

2.1670 

6.3580 

0.1150 

17.0990 

20.9160 

0.0000 

0.2950 

99.4270 

1.9233 

0.0141 

0.0945 

0.1968 

0.0036 

0.9431 

0.8294 

0.0000 

0.0212 

52.5450 

0.3700 

1.5680 

7.1640 

0.2370 

17.7030 

20.32.60 

0.0000 

0.3480 

100.2610 

1.9328 

0.0102 

0.0680 

0.2204 

0.0074 

0.9705 

0.8011 

0.0000 

0.0248 

52.6580 

0.3750 

1.4860 

6.6530 

0.2030 

17.4730 

21.0240 

0.0000 

0.2780 

100.1500 

1.9374 

0.0104 

0.0645 

0.2047 

0.0063 

0.9581 

0.8288 

0.0000 

0.0198 

52.4330 

0.3990 

1.7260 

6.6740 

0.1870 

17.6630 

20.0560 

0.0120 

0.2780 

99.4280 

1.9378 

0.0111 

0.0752 

0.2063 

0.0059 

0.9729 

0.7942 

0.0006 

0.0199 

52.3180 

0.4380 

1.7630 

6.7330 

0.2110 

17.1240 

21.1750 

0.0000 

0.3660 

100.1280 

1.9283 

0.0121 

0.0766 

0.2075 

0.0066 

0.9406 

0.8363 

0.0000 

0.0262 

52.5050 

0.3000 

1.9250 

5.6170 

0.1440 

17.1210 

21.1330 

0.0000 

0.4630 

99.2080 

1.9411 

0.0083 

0.0839 

0.1737 

0.0045 

0.9433 

0.8372 

0.0000 

0.0332 

52.5800 

0.4840 

2.1030 

7.3480 

0.1550 

17.2120 

20.7230 

0.0000 

0.3170 

100.9220 

1.9231 

0.0133 

0.0907 

0.2248 

0.0048 

0.9382 

0.8121 

0.0000 

0.0225 

50.2330 

0.7800 

3.4770 

7.6400 

0.1920 

16.0720 

21.3480 

0.0100 

0.4220 

100.1740 

1.8653 

0.0218 

0.1522 

0.2373 

0.0060 

0.8894 

0.8494 

0.0005 

0.0304 

SG2517-2C SG2517-3M SG2517-3C SG.2517-U SG2517-UC SG2517-5M SG2517-5C SG2517-9M 

52.0370 

0.5400 

2.2700 

6.5610 

0.1080 

16.6300 

21.4860 

0.0000 

0.4240 

100.0560 

1.9190 

0.0150 

0.0987 

0~2024 
0.0034 

0.9140 

0.8490 

0.0000 

0.0303 

51.2490 

0.7110 

3.0880 

7.2570 

0.1490 

16.7630 

20.5500 

0.0000 

0.3920 

100.1590 

1.8910 

0.0197 

0.1343 

0.2239 

0.0047 

0.9218 

0.8125 

0.0000 

0.0280 

52.1990 

0.4220 

2.4170 

5.7930 

0.1670 

16.7830 

21.7400 

0.0000 

0.4220 

99.9430 

1.9213 

0.0117 

0.1049 

0.1783 

0.0052 

0.9206 

0.8574 

0.0000 

0.0301 

52.7650 

0.3970 

2.0810 

6.1240 

0.1390 

17.2630 

21.4980 

0.0000 

0.4400 

100.7070 

1.9277 

0.0109 

0.0896 

0.1871 

0.0043 

0.9399 

0.8415 

0.0000 

0.0312 

52.6950 

0.3880 

2.0790 

5.7820 

0.1180 

17.1200 

21.7230 

0.0000 

0.3910 

100.2960 

1.9307 

0.0107 

0.0898 

0.1772 

0.0037 

0.9348 

0.8528 

0.0000 

0.0278 

52.9280 

0.3360 

1.9060 

5.8280 

0.0940 

17.6690 

21.3360 

0.0000 

0.3890 

100.4860 

1.9334 

0.0092 

0.0621 

0.1780 

0.0029 

0.9619 

0.8351 

0.0000 

0.0276 

52.9100 

0.3610 

1.9100 

5.8430 

0.1270 

17.3330 

21.6550 

0.0000 

0.4400 

100.5790 

1.9334 

0.0099 

0.0823 

0.1786 

0.0039 

0.9439 

0.M79 

0.0000 

0.0312 

51.9380 

0.6130 

2.5990 

7.4720 

0.2080 

17.0050 

20.8860 

0.0000 

0.3580 

101.0790 

1.9015 

0.0169 

0.1122 

0.2268 

0.0065 

0.9276 

0.8193 

0.0000 

0.0254 
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TABLE 2 continued 

Si02 

Ti02 
moo 
FeO 
MIlO 

MgO 
Cao 
1(20 

Na20 

SUM 

Si 

Ti 

AI 
Fe 
MIl 
Mg 

Ca 
K 
Na 

Si02 

Ti02 

moo 
FeO 
MIlO 
MgO 

CaD 
1(20 

~a20 

SID! 

Si 

Ti 
AI 
Fe 
MIl 
!wig 

Ca 
K 
~a 

SG2517-9C SG2517-10 SG2517-10C SG251 i-llC SG2517-IIC SG2517-12 SG2517-12C SG2518-I!wI 

52.4330 

0.6330 

2.H20 

8.0870 

0.2890 

16.3450 

20.6050 

0.0000 

0.4840 

101.3180 

1.9177 

0.0174 

0.1053 

0.2474 

0.0090 

0.8909 

0.8075 

0.0000 

0.0343 

49.9080 

0.8970 

3.9480 

8.1060 

0.1230 

15.7550 

20.8230 

0.0000 

0.3890 

99.9490 

1.8576 

0.0251 

0.1732 

0.2523 

0.0039 

0.8740 

0.8305 

0.0000 

0.0281 

52.4910 

0.4550 

1.8440 

6.8960 

0.2300 

17.2580 

20.7150 

0.0020 

0.3230 

100.2140 

1.9308 

0.0126 

0.0800 

0.2121 

0.0072 

0.9461 

0.8164 

0.0001 

0.0230 

5l.4820 

0.6710 

2.2790 

9.0530 

0.3350 

16.7830 

19.2880 

0.0000 

0.5530 

100.4440 

1.9059 

0.0187 

0.0995 

0.2803 

0.0105 

0.9260 

0.7651 

0.0000 

0.0397 

51.9620 

0.7140 

2.3040 

9.2150 

0.2720 

16.6430 

19.1940 

0.0000 

0.5660 

100.8700 

1.9136 

0.0198 

0.1000 

0.2838 

0.0085 

0.9134 

0.7574 

0.0000 

0.0404 

51.5070 

0.9460 

2.8080 

8.7020 

0.2840 

16.0810 

20.8430 

0.0000 

0,4930 

101.6640 

1.8879 

0.0261 

0.1213 

0.2667 

0.0088 

0.878" 

0.8186 

0.0000 

0.0350 

53.3830 

0.3570 

1.3150 

6.9850 

0.2300 

18.1460 

20.1880 

0.0000 

0.2670 

100.8710 

1.9459 

0.0098 

0.0565 

0.2129 

0.0071 

0.9858 

0.7885 

0.0000 

0.0189 

51.8530 

0.5420 

2.2310 

7.4840 

0.2330 

17A8"0 

19.9890 

0.0000 

0.3590 

100.1750 

1.9117 

0.0150 

0.0970 

0.2308 

0.0073 

0.9606 

0.7896 

0.0000 

0.0257 

SG2518-IC SG2518-2!d SG2518-2C SG2518-7C SG2518-7M SG2518-8M SG2518-8C SG2522-BI 

52.7850 

0.2720 

1.8720 

5.7940 

0.1770 

17.1900 

21.0620 

0.0000 

0.4380 

99.5900 

1.9442 

0.0075 

0.0813 

0.1785 

0.0055 

0.9436 

0.8313 

0.0000 

0.0313 

50.6990 

0.7710 

3.1270 

7.3700 

0.0990 

15.9250 

21.1570 

0.0020 

0.4260 

99.5760 

1.8876 

0.0216 

0.1373 

0.2295 

0.0031 

0.8836 

0.8440 

0.0001 

0.0308 

53.3190 

0.3560 

1.9650 

5.5990 

0.1760 

17.0830 

21A720 

0.0020 

0.3550 

100.3270 

1.9472 

0.0098 

0.0846 

0.1710 

0.0054 

0.9298 

0.8402 

0.0001 

0.0251 

51.8900 

0.3240 

1.8810 

5.6790 

0.1450 

16.9290 

21.5250 

0.0010 

0.4020 

98.7760 

1.9320 

0.0091 

0.0826 

0.1768 

0.0046 

0.9394 

0.8587 

0.0000 

0.0290 

51.9420 

0.4980 

2.0"50 

6.8620 

0.1870 

17.1090 

20.7990 

0.0000 

OA150 

99.8570 

1.9198 

0.0138 

0.0891 

0.2121 

0.0059 

0.9424 

0.8237 

0.0000 

0.0297 

55.0370 

0.2880 

13.7600 

7.2290 

0.2690 

16.1HO 

5.0970 

0.1710 

2.6120 

100.6070 

1.9057 

0.0075 

0.5617 

0.2093 

0.0079 

0.8331 

0.1891 

0.0076 

0.1754 

53.7"50 

0.3330 

2.0850 

11.8650 

0.3120 

29.2990 

1.8300 

0.0000 

0.0000 

99.4690 

1.9253 

0.0090 

0.0881 

0.3555 

0.0095 

1.5642 

0.0702 

0.0000 

0.0000 

50.7110 

0.5680 

2.5800 

i.00l0 

0.2350 

16.3900 

21.2880 

0.0130 

O.HIO 

99.1270 

1.8961 

0.0160 

0.1137 

0.2189 

0.0074 

0.9133 

0.8529 

0.0006 

0.0247 
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TABLE 2 continued 

Si02 

Ti02 

Al200 

FeO 
MoO 
MgO 

Cao 
1(20 

~a20 

SUM 

Si 

Ti 

Al 
Fe 

Mn 
Mg 

Ca 
K 
Na 

Si02 

Ti02 

Al200 
FeO 
MoO 
MgO 

Cao 
1(20 

~a20 

SUM 

Si 

Ti 

AI 
Fe 
MIl 

Mg 

Ca 

K 
~a 

Sl;2522-1 C Sl;2522-2M Sl;2522-2C Sl;2522-4M Sl;2522-4C Sl;2522-5M ~52:!-5C Sl;2525-1 M 

52.6850 

0.3030 

1.1020 

6.7850 

0.1910 

18.3770 

19.3320 

0.0010 

0.1730 

98.9490 

1.9527 

0.0084 

0.0482 

0.2103 

0.0060 

1.0151 

0.7678 

0.0000 

0.0124 

50.8680 

0.6030 

2.4660 

6.5550 

0.1220 

16.9620 

20.6980 

0.0100 

0.3930 

96.6770 

1.9024 

0.0170 

0.1087 

0.2050 

0.0039 

0.9454 

0.8294 

0.0005 

0.0285 

52,4790 

0.2940 

1.2400 

5.4240 

0.1140 

17.6090 

21.4100 

0.0000 

0.3080 

96.6780 

1.9472 

0.0082 

0.0542 

0.1683 

0.0036 

0.9737 

0.6512 

0.0000 

0.0222 

55.4420 

0.1960 

1.0080 

11.1080 

0.2860 

30.6490 

1.5050 

0.0000 

0.0700 

100.2660 

1.9585 

0.0052 

0.0420 

0.3262 

0.0086 

1.6135 

0.0570 

0.0000 

0.0048 

55.0330 

0.1690 

0.7840 

10.4500 

0.3240 

30.3970 

1.6810 

0.0000 

0.0150 

98.8530 

1.9674 

0.0045 

0.0330 

0.3124 

0.0096 

1.6195 

0.0644 

0.0000 

0.0010 

51.5420 

0.4860 

1.8460 

6.1620 

0.2290 

17.1370 

21.5220 

0.0000 

0.2800 

99.2040 

1.9173 

0.0136 

0.0810 

0.1917 

0.0072 

0.9500 

0.8578 

0.0000 

0.0202 

51.3640 

0.3870 

1.7820 

5.5180 

0.1900 

16.9150 

21.8350 

0.0000 

0.3710 

96.3620 

1.9237 

0.0109 

0.0787 

0.1728 

0.0060 

0.9441 

0.6763 

0.0000 

0.0269 

51.1230 

0.6240 

2.9000 

7.8150 

0.2250 

16.6740 

19.7750 

0.0000 

0.4150 

99.5510 

1.6995 

0.0174 

0.1270 

0.2426 

0.0071 

0.9233 

0.7873 

0.0000 

0.0299 

Sl;2525-IM ~525-IC ~525-IC Sl;2525-2M SG2525-2C SG2525-3M ~525-3C Sl;2525-4M 

51.7260 

0.6880 

2.9970 

7.6360 

0.2010 

16.6140 

20.0060 

0.0080 

0.4530 

100.3290 

1.9042 

0.0190 

0.1301 

0.2351 

0.0063 

0.9115 

0.7692 

0.0004 

0.0323 

52.9370 

0.3520 

1.6610 

5.7370 

0.1570 

16.8600 

21.1640 

0.0000 

0.3820 

99.2500 

1.9552 

0.0098 

0.0723 

0.1772 

0.0049 

0.9281 

0.6376 

0.0000 

0.0274 

53.0690 

0.3240 

1.6040 

5.5140 

0.1780 

16.7080 

21.4190 

0.0000 

0.3990 

99.4150 

1.9557 

0.0090 

0.0784 

0.1699 

0.0056 

0.9176 

0.6458 

0.0000 

0.0285 

55.7240 

0.1990 

1.1110 

10.6080 

0.2390 

30.4500 

1.4430 

0.0000 

0.0000 

99.9740 

1.9681 

0.0053 

0.0463 

0.3192 

0.0072 

1.6026 

0.0546 

0.0000 

0.0000 

55.5900 

0.1540 

1.2040 

10.6680 

0.2790 

30.5860 

1.5020 

0.0000 

0.0000 

99.9830 

1.9633 

0.0041 

0.0501 

0.3151 

0.0083 

1.6098 

0.0568 

0.0000 

0.0000 

55.9640 

0.2190 

0.8760 

10.6100 

M530 

30.4820 

1.6730 

0.0000 

0.0000 

100.2nO 

1.9719 

0.0058 

0.0364 

0.3127 

0.0135 

1.6007 

0.0632 

0.0000 

0.0000 

55.4290 

0.2120 

1.0260 

10.7950 

0.3400 

30.7960 

1.3460 

0.0000 

0.0000 

99.9HO 

1.9604 

0.0056 

0.0428 

0.3193 

0.0102 

1.6232 

0.0510 

0.0000 

0.0000 

56.5810 

0.1400 

0.9060 

10.5500 

0.3630 

30.1160 

1.41 00 

0.0000 

0.0030 

100.0910 

1.9909 

0.0037 

0.0377 

0.3105 

0.0114 

1.5792 

0.0532 

0.0000 

0.0002 
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TABLE 2 continued 

Si02 
Ti02 
A1203 
FeO 
MoO 
MgO 

Cao 
1(20 

Na20 

SUM 

Si 

Ti 
AI 
Fe 
Mn 
Mg 

Ca 
K 
Na 

Si02 
Ti02 
A1203 
FeO 
MoO 
!.{gO 

Cao 
1(20 

Na20 

SUM 

Si 
Ti 

AI 

Fe 

MIl 
Mg 

Ca 
K 
~a 

SGZ525-otC SG2525-5M SG2525-5C SG2525-6M SG2525-6C SG2525-7M SG2525-7C SG2525-8M 

55.6100 

0.2050 

1.0000 

10.5700 

0.1830 

30.7360 

1.3760 

0.0000 

0.0000 

99.6800 

1.9677 

0.0055 

0.0417 

0.3128 

0.0055 

1.6208 

0.0522 

0.0000 

0.0000 

52.4510 

0.4940 

2.1640 

6.8630 

0.2010 

17.0960 

20.7670 

0.0000 

0.3650 

100.4010 

1.9252 

0.0136 

0.0936 

0.2107 

0.0062 

0.9352 

0.8168 

0.0000 

0.0260 

53.4220 

0.3850 

1.6270 

6.0590 

0.1090 

17.4350 

21.0270 

0.0000 

M190 

100.4830 

1.9499 

0.0106 

0.0700 

0.1850 

0.0034 

0.9484 

0.8224 

0.0000 

0.0297 

53.3100 

0.3510 

1.1690 

6.2170 

0.1600 

17.8450 

20.4510 

0.0020 

0.2500 

99.7550 

1.9587 

0.0097 

0.0506 

0.1910 

0.0050 

0.9771 

0.8051 

0.0001 

0.0178 

53.0820 

0.3200 

1.6910 

5.5490 

0.1220 

17.4450 

20.9600 

0.0000 

0.3810 

99.5500 

1.9515 

0.0088 

0.0733 

0.1706 

0.0038 

0.9558 

0.8257 

0.0000 

0.0272 

52.7390 

0.3450 

U010 

6.8520 

0.1730 

18.0250 

19.8060 

0.0000 

0.2770 

99.6180 

1.9448 

0.0096 

0.0609 

0.2113 

0.0054 

0.9906 

0.7826 

0.0000 

0.0198 

53.0770 

0.2830 

1.0680 

6.3210 

0.1310 

18.3400 

20.0760 

0.0000 

0.2460 

99.5420 

1.95H 

0.0078 

0.0464 

0.1947 

o.oOotl 

1.0064 

0.7921 

0.0000 

0.0176 

52.6350 

M540 

1.8190 

6.6460 

0.1400 

16.9240 

20.8320 

0.0000 

0.3340 

99.7840 

1.9409 

0.0126 

0.0791 

0.2050 

0.0044 

0.9301 

0.8231 

0.0000 

0.0239 

SG2525-8C SG2529-IM SG2529-IC SG2529-2M SG2529-2C SG2529-7M SG2529-7M SG2529-iC 

53.3100 

0.3420 

1.1690 

6.5550 

0.1550 

18.1210 

19.6700 

0.0000 

0.2300 

99.5520 

1.9609 

0.0095 

0.0507 

0.2016 

0.0048 

0.9934 

0.7752 

0.0000 

0.0164 

55.2120 

0.1600 

1.0850 

1L8780 

0.1750 

29.7250 

1.3250 

0.0000 

0.0120 

99.5720 

1.9672 

0.0043 

0.0456 

0.3539 

0.0053 

1.5784 

0.0506 

0.0000 

0.0008 

54.4350 

0.1720 

1.5540 

11.9420 

0.2760 

29.3930 

1.2600 

0.0000 

0.0420 

99.0740 

L9523 

0.0046 

0.0657 

0.3582 

0.0084 

1.5711 

0.0484 

0.0000 

0.0029 

56.3440 

0.1730 

0.7370 

12.5430 

0.3820 

30.0230 

1.6420 

0.0000 

0.0000 

101.8440 

1.9704 

0.0046 

0.0304 

0.3669 

0.0113 

1.5648 

0.0615 

0.0000 

0.0000 

51.9390 

0.2180 

3.4910 

17.3870 

0.3330 

25.5180 

L2200 

0.0000 

0.0840 

100.1900 

1.8930 

0.0060 

0.1500 

0.5300 

0.0103 

1.3861 

0.0476 

0.0000 

0.0059 

55.3930 

0.1890 

1.0770 

12.2640 

0.2190 

29.3920 

U410 

0.0000 

0.0070 

99.9620 

1.9693 

0.0051 

0.0451 

0.3646 

0.0066 

1.5573 

0.0549 

0.0000 

0.0005 

54.4560 

0.2100 

1.1750 

12.0730 

0.2850 

29.0160 

U190 

0.0000 

0.0090 

98.6470 

1.9634 

0.0057 

0.0499 

0.3640 

0.0087 

1.5591 

0.0548 

0.0000 

0.0006 

51.6240 

0.0500 

3.8730 

19.6840 

0.3090 

23.9360 

0.5570 

0.0000 

0.0090 

100.0HO 

1.8982 

0.0014 

0.1679 

0.6053 

0.0096 

1.3118 

0.0219 

0.0000 

0.0006 
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TABLE 2 continued 

$"102 
TI02 
A1200 

FeO 
!dnO 

MgO 
Cao 
1120 
Na20 

SUM 

Si 

TI 
Ai 

Fe 
Mn 
Mg 

Ca 
K 
Na 

Si02 

TI02 

Al200 

FeO 
!dnO 

MgO 

Cao 
1120 
Na20 

SUM 

Si 

TI 

Ai 

Fe 
MIl 
Mg 

Ca 
K 
N'a 

~529-7C ~529-8M ~529-8C ~529-9M ~529-9C ~532-IM ~532-IC ~532-2M 

50.5910 

0.0520 

3.9870 

20.8980 

0.4350 

23.1860 

0.5200 

0.0000 

0.0000 

99.6690 

1.8822 

0.0015 

0.1749 

0.6503 

0.0137 

1.2856 

0.0207 

0.0000 

0.0000 

52.8170 

0.3300 

1.6190 

5.7310 

0.1540 

16.8700 

21.4800 

0.0000 

0.3100 

99.3110 

1.9517 

0.0092 

0.0705 

0.1771 

0.0048 

0.9290 

0.8505 

0.0000 

0.0222 

52.1900 

0.3980 

1.9180 

6.1900 

0.1610 

16.6970 

20.9610 

0.0000 

0.4390 

98.9540 

1.9395 

0.0111 

0.0840 

0.1924 

0.0051 

0.9248 

0.8347 

0.0000 

0.0316 

53.8580 

0.2560 

1.8530 

12.8830 

0.3150 

28.6910 

1.6360 

0.0000 

0.0530 

99.5450 

1.9352 

0.0069 

0.0785 

0.3871 

0.0096 

1.5364 

0.0630 

0.0000 

0.0037 

50.5900 

0.0260 

3.9590 

22.8640 

0.3700 

21.9210 

0.6660 

0.0000 

0.0250 

100.4210 

1.8846 

0.0007 

0.1739 

0.7123 

0.0117 

1.2170 

0.0266 

0.0000 

0.0018 

54.8460 

0.2310 

0.7820 

13.6920 

0.5590 

28.6170 

1.5190 

0.0000 

0.0050 

100.2510 

1.9631 

0.0062 

0.0330 

0.4099 

0.0169 

1.5265 

0.0583 

0.0000 

0.0003 

50.5970 

0.0760 

4.2930 

22.9450 

0.5020 

22.1800 

0.5060 

0.0000 

0.0000 

101.0990 

1.8727 

0.0021 

0.1873 

0.7102 

0.0157 

1.2234 

0.0201 

0.0000 

0.0000 

54.8060 

0.2260 

1.3000 

12.3130 

0.2040 

29.5340 

1,4220 

0.0000 

0.0340 

99.8390 

1.9539 

0.0061 

0.0546 

0.3671 

0.0062 

1.5692 

0.0543 

0.0000 

0.0024 

~532-2C ~532-3M ~532-3C ~532-4M ~532-4C ~532-5M ~532-5C ~532-6M 

54.1080 

0.1100 

2.4580 

11.8870 

0.2070 

29.5900 

1.3130 

0.0000 

0.0590 

99.7320 

[.9277 

0.0029 

0.1 032. 

0.3542 

0.0062 

1.5711 

0.0501 

0.0000 

0.0041 

52.7520 

0.3840 

1.6920 

6.4160 

0.1550 

17.0010 

21.3160 

0.0000 

0.3000 

[00.0180 

1.9413 

0.0106 

0.0734 

0.1975 

0.0048 

0.9324 

0.8405 

0.0000 

0.0214 

51.6030 

0.2690 

2.0620 

6.0020 

0.1450 

16.7330 

21.3080 

0.0000 

0.4240 

98.5460 

1.9281 

0.0076 

0.0908 

0.1876 

0.0046 

0.9318 

0.8531 

0.0000 

0.0307 

52.2010 

0.3530 

1.6110 

6.1130 

0.2030 

[6.6620 

21.6920 

0.0000 

0.2680 

99.3230 

1.9366 

0.0098 

0.Q705 

0.1897 

0.0064 

0.9334 

0.8623 

0.0000 

0.0193 

49.8540 

0.4200 

5.4360 

10.2820 

0.1220 

11.7960 

20.7210 

0.0000 

1.3950 

[00.0260 

1.8720 

0.0119 

0.2406 

0.3229 

0.0039 

0.6601 

0.8337 

0.0000 

0.1 0 16 

55.3680 

0.1640 

1.0590 

12.4920 

0.2100 

29.4170 

1.3950 

0.0000 

0.0070 

100.1120 

1.9678 

0.0044 

0.0444 

0.3713 

0.0063 

1.5581 

0.0531 

0.0000 

0.0005 

50.3980 

0.0280 

3.4440 

23.6710 

0.4850 

21.8470 

o.n 40 

0.0000 

0.0000 

100.3470 

1.8875 

0.0008 

0.1521 

0.7414 

0.0154 

1.2194 

0.0190 

0.0000 

0.0000 

54.9280 

0.1260 

1.6190 

11.9030 

0.2290 

29.3510 

1.2430 

0.0000 

0.0240 

99.4230 

1.9599 

0.0034 

0.0681 

0.3552 

0.0069 

1.5608 

0.0475 

0.0000 

0.0017 
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TABLE 2 continued 

Si02 

ii02 

Al200 

FeO 
MIlO 

IdgO 
Cao • 

1(20 

NaZO 
SUM 

Si 

Ti 
AI 
Fe 
Idn 
Mg 
Ca 
K 

Na 

Si02 

Ti02 

Al200 

FeO 
MIlO 

MgO 

Cao 
1(20 

NaZO 

SUM 

Si 

Ti 

AI 
Fe 
Mn 

Mg 

Ca 
K 

Na 

SG2532-6C SG272-1 M SG272-1 C SG272-ZM SG272-2C SG272-31d SG2i2-3C SG272-4M 

54.4590 

0.1410 

1.8430 

1l.4140 

0.2140 

29.9650 

1.2260 

0.0000 

0.0500 

99.3120 

1.9434 

0.0038 

0.0775 

0.3406 

0.0065 

1.5936 

0.0469 

0.0000 

0.0035 

51.1550 

0.7080 

3.7320 

6.4530 

0.0000 

16.0190 

22.1900 

0.0000 

0.3780 

100.6350 

1.8785 

0.0196 

0.1616 

0.1982 

0.0000 

0.6767 

0.6731 

0.0000 

0.0269 

52.8040 51.0620 

0.4710 0.7470 

2.141 0 3.9670 

6.1540 6.5650 

0.1320 0.3980 

17.4490 15.8530 

21.1890 21.7340 

0.0000 0.0000 

0.Z650 0.4220 

100.6050 100.7480 

1.9280 1.8748 

0.0129 0.0206 

0.0922 0.1717 

0.1879 0.2016 

0.0041 0.0124 

0.9495 0.8675 

0.8290 0.8551 

0.0000 0.0000 

0.0188 0.0300 

50.7170 

0.6530 

3.4160 

6.1090 

0.0000 

16.0260 

22.0270 

0.0000 

0.3200 

99.2680 

1.8858 

0.0183 

0.1497 

0.1900 

0.0000 

0.8881 

0.8776 

0.0000 

0.0231 

50.8410 

0.7600 

3.7530 

6.3630 

0.0690 

15.8530 

22.1180 

0.0000 

0.3820 

100.1390 

1.8768 

0.0211 

0.1633 

0.1964 

0.0022 

0.8721 

0.8749 

0.0000 

0.0273 

52.3760 

0.4350 

2.1120 

6.1920 

0.1900 

17.2840 

21.4400 

0.0000 

0.3410 

100.3700 

1.9215 

0.0120 

0.0913 

0.1900 

0.0059 

0.9450 

0.8428 

0.0000 

0.0243 

50.7810 

0.7410 

3.7560 

6.3770 

0.0320 

15.9880 

21.8030 

0.0000 

0.3170 

99.7950 

1.8787 

0.0206 

0.1638 

0.1973 

0.0010 

0.8815 

0.8643 

0.0000 

0.0227 

SG272-4C SG272-5M SG272-5C SG272-9M SG272-9C SG272-10M SG272-10C SG2711-2C 

50.9960 

0.5580 

3.2010 

5.9600 

0.1370 

16.1590 

22.1660 

0.0000 

0.3400 

99.5170 

1.8916 

0.0156 

0.1400 

0.1849 

0.0043 

0.8933 

0.8810 

0.0000 

0.0245 

50.8360 

0.6910 

3.4960 

6.4530 

0.0660 

15.9780 

21.8480 

0.0000 

G.4050 

99.7730 

1.8833 

0.0193 

0.1527 

0.1999 

0.0021 

0.8822 

0.8673 

0.0000 

0.0291 

52.7910 

0.4420 

1.9440 

6.1310 

0.0560 

17.5550 

21.0160 

0.0000 

0.2770 

100.2120 

1.9336 

0.0122 

0.0839 

0.1878 

0.0017 

0.9583 

0.8248 

0.0000 

0.0197 

47.8110 

1.2140 

5.3150 

8.1280 

0.2630 

14.5290 

21.4080 

0.0000 

0.3500 

99.0180 

1.8065 

0.0345 

0.2368 

0.2568 

0.0084 

0.8181 

0.8667 

0.0000 

0.0256 

49.9720 

0.7330 

3.2020 

7.6720 

0.1260 

16.2960 

20.4080 

0.0000 

0.2510 

98.6600 

1.8783 

0.0207 

0.1419 

0.2412 

0.0040 

0.9129 

0.8219 

0.0000 

0.0183 

46.6460 

1.7400 

6.7850 

9.0860 

0.0680 

13.7160 

20.7680 

0.0010 

0.3960 

99.4060 

1.7673 

0.0494 

0.3018 

0.2867 

0.0022 

0.7712 

0.8395 

0.0000 

0.0290 

48.7460 

1.0500 

5.1690 

8.0810 

0.2670 

14.6760 

21.2740 

0.0000 

0.4190 

99.6820 

1.8249 

0.0296 

0.2281 

0.2530 

0.0085 

0.8188 

0.8534 

0.0000 

0.0304 

47.6980 

1.5330 

6.9440 

6.6550 

0.0000 

13.6070 

24.5440 

0.0000 

0.3720 

101.3530 

1.7613 

0.0426 

0.3023 

0.2055 

0.0000 

0.7488 

0.9711 

0.0000 

0.0266 
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TABLE 2 continued 

SiCe 

Ti02 

A1200 
FeO 
MnO 
MgO 

Cao 
1(20 

NaZO 

SUM 

Si 

Ti 
AI 

Fe 
MIl 
Mg 

Ca 
K 
Na 

SiCe 

Ti02 

A1200 
FeO 
MnO 
MgO 

Cao 
1(20 

NaZO 

SUM 

Si 

Ti 

AI 
Fe 
Mn 
Mg 
Ca 

K 
Na 

SG2711-2M SG2711-3M SG2711-3C SG285-IM SG285-IC SG285-2M SG285-2C SG285-4M 

42.5030 46.1830 

3.1 0 1 0 1.9580 

10.0700 8.2450 

8.6440 6.8730 

0.0330 0.0000 

11.1180 12.9460 

24.2870 24.3720 

0.0050 0.0000 

0.5510 0.3810 

100.3120 100.9580 

1.6154 1.7167 

0.0886 0.0547 

0.4512 0.3613 

0.2748 0.2137 

0.0011 0.0000 

0.6298 0.7172 

0.9891 0.9707 

0.0002 0.0000 

0.0406 0.0275 

47.7540 

1.5640 

6.8090 

6.4780 

0.0000 

13.3HO 

24.1210 

0.0020 

0.4280 

100.5000 

1.7745 

0.0437 

0.2983 

0.2013 

0.0000 

0.7390 

0.9604 

0.0001 

0.0308 

50.7230 

0.5680 

2.5780 

6.9540 

0.1550 

17.5250 

20.3490 

0.0080 

004250 

99.2850 

1.8886 

0.0159 

0.1132 

0.2165 

0.0049 

0.9725 

0.8118 

0.0004 

0.0307 

53.0570 

0.2710 

0.9960 

7.2490 

0.2310 

20.1310 

17.7560 

0.0000 

0.2110 

99.9020 

1.9438 

0.0075 

0.0430 

0.2221 

0.0072 

1.0991 

0.6970 

0.0000 

0.0150 

53.1900 

0.3640 

1.3040 

6.1010 

0.2520 

18.4500 

20.7680 

0.0040 

0.2330 

100.6660 

1.9397 

0.0100 

0.0561 

0.1861 

0.0078 

1.0027 

0.8115 

0.0002 

0.0165 

53.2010 

0.2380 

1.2600 

5.5160 

0.1300 

18.2110 

21.1080 

0.0000 

0.3240 

99.9660 

1.9490 

0.0066 

0.0544 

0.1690 

0.0040 

0.9943 

0.6266 

0.0000 

0.0230 

52.6460 

0.3470 

IA600 

6.0570 

0.2790 

18.3970 

20.6640 

0.0060 

004[40 

100.4920 

1.9273 

0.0096 

0.0630 

0.1654 

0.0087 

1.0037 

0.6192 

0.0003 

0.0294 

&;285-4C &;285-6M SG285-6C SG265-8M SG285-8C SG285-11M SG265-11C SG265-12C 

51.5640 

0.6130 

2.5490 

7.0560 

0.1530 

17.8240 

20.1930 

0.0000 

0.3330 

100.2850 

1.8966 

0.0170 

0.1105 

0.2171 

0.0048 

0.9771 

0.7959 

0.0000 

0.0236 

53.3520 

0.4020 

1.3760 

7.0510 

0.1690 

19.3660 

18.4850 

0.0000 

0.3230 

100.5460 

1.9425 

0.0110 

0.0591 

0.2147 

0.0052 

1.0519 

0.7211 

0.0000 

0.0228 

52.8660 

0.3460 

1.6690 

5.6460 

0.0480 

17.5270 

21.6660 

0.0000 

004250 

100.4350 

1.9355 

0.0095 

0.0720 

0.1790 

0.0015 

0.9560 

0.6504 

0.0000 

0.0302 

51.2460 

0.5460 

2.6900 

7.1070 

0.1960 

16.6610 

21.4930 

0.0000 

0.3710 

100.5120 

1.6892 

0.0152 

0.1256 

0.2191 

0.0061 

0.9154 

0.8490 

0.0000 

0.0265 

52.5000 

0.3050 

1.9460 

5.6560 

0.1680 

17.5590 

21.6150 

0.0030 

0.3970 

100.1490 

1.9267 

0.0084 

0.0842 

0.1736 

0.0052 

0.9604 

0.6500 

0.0001 

0.0283 

55.7690 

0.1480 

0.5330 

10.2700 

0.2650 

31.4280 

1.6800 

0.0000 

0.0430 

100.1360 

1.9660 

0.0039 

0.0222 

0.3028 

0.0079 

1.6512 

0.0635 

0.0000 

0.0029 

55.6070 

0.1630 

0.6330 

10.9510 

0.2450 

31.1510 

1.5820 

0.0000 

0.0330 

100.3650 

1.9615 

0.0043 

0.0263 

0.3231 

0.0073 

1.6376 

0.0596 

0.0000 

0.0023 

54.1710 

0.1980 

1.3900 

10.9840 

0.2680 

30.8790 

1.6590 

0.0000 

0.0050 

99.5540 

1.9311 

0.0053 

0.0584 

0.3275 

0.0061 

1.6405 

0.0634 

0.0000 

0.0003 
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TABLE 2 continued 

SG285-12M SG288-IM SG288-IC SG288-2M SG288-2C SG2813-IM SG2813-IC SG2813-2M 

Si02 5 ol.9780 45.5970 49.2230 43.9980 45.0110 44.7720 46.5650 48.0460 

Ti02 0.2270 2.3790 1.2340 2.8930 2.4060 2.7890 1.9280 1.5600 

A1203 1.1720 8.5UO U990 9.5970 9.4760 9.2170 9.3ol70 7.1280 

FeO 10.8210 7.1120 6.5UO 8.5570 8.1720 8.3890 8.1310 6.7110 

MIlO 0.2330 0.0940 0.1170 0.0690 0.1010 0.0950 0.1490 0.0900 

MgO 30.7360 12.3890 14.2590 11.0990 11.5730 11.8860 12.4690 13.6730 

Cao 1.7350 23.9110 24.1100 2ol.1 040 24.0120 22.6490 21.9930 22.8270 

1(20 0.0000 0.0040 0.0030 0.0070 0.0090 0.0030 0.0000 0.0000 

~a20 0.0540 0.3900 0.3540 0.4520 0.3670 0.5220 0.6150 0.3960 

SUM 99.9560 100.3900 100.7130 100.7760 101.1270 100.3220 101.1970 100.4310 

Si 1.9480 1.7065 1.8237 1.6567 1.6810 1.6829 1.7222 1.7800 

Ti 0.0060 0.0670 0.0344 0.0819 0.0676 0.0788 0.0536 0.0435 

AI 0.0490 0.3756 0.2140 004260 0.4172 004084 004075 0.3113 

Fe 0.3207 0.2226 0.2018 0.2695 0.2552 0.2637 0.2515 0.2079 

Mn 0.0070 0.0030 0.0037 0.0022 0.0032 0.0030 0.0047 0.0028 

Idg 1.6231 0.6910 0.7873 0.6228 0.6441 0.6658 0.6873 0.7549 

Ca 0.0659 0.9589 0.9572 0.9725 0.9609 0.9122 0.8716 0.9062 

K 0.0000 0.0002 0.0001 0.0003 0.0004 0.0001 0.0000 0.0000 
Na 0.0037 0.0283 0.0254 0.0330 0.0266 0.0380 0.0441 0.0284 

SG2813-2C SG2813-5M SG2813-5C SG2813-7M SG2813-7C 

Si02 49.3000 44.0070 44.3350 4504080 43.7800 

ii02 1.3010 3.1490 3.0210 2.5860 3.1200 

A1203 5.8460 10.0320 9.8820 8.9000 9.3450 

FeO 7.1160 8.6580 8.1320 8.1550 8.5500 

MIlO 0.0310 0.1460 0.1220 0.1090 0.0590 

MgO 14.3600 11..l930 11.8420 12.2250 11.6980 

Cao 22.0070 22.7230 22.6720 22.6640 22.8830 
1(20 0.0000 0.0050 0.0000 0.0200 0.0110 

Na20 004300 0.5540 0.4350 0.5ol70 0.3910 

SUM 100.3910 100.7670 100.4410 100.6140 99.8370 

Si 1.8229 1.6516 1.6630 1.6985 1.6592 

Ti 0.0362 0.0889 0.0852 0.0727 0.0889 

AI 0.2548 0.4439 0.4370 0.3925 0.·U75 

Fe 0.2201 0.2718 0.2551 0.2551 0.2710 

MIl 0.0010 0.0046 0.0039 0.0035 0.0019 

Mg 0.7913 0.6428 0.6620 0.6815 0.6607 

Ca 0.8719 0.9138 0.9112 0.9084 0.9292 

K 0.0000 0.0002 0.0000 0.0010 0.0005 

~a 0.0308 0.0403 0.0316 0.0397 0.0287 



TABLE 3 Plagioclase Composition 

Si02 
Ti02 

A1203 
FeO 

MnO 
MgO 

Cao 
1\20 

Na20 

SUM 

Si 
Ti 
Ai 

Fe 
Mn 
Mg 

Ca 
K 

Na 

Si02 

Ti02 

A1203 
FeO 

MoO 
MgO 

Cao 
1\20 

Na20 

SUM 

Si 
Ti 

AI 

Fe 
Mn 
Mg 
Ca 

K 
~a 

SG2191-M 

56.6860 

0.1020 

26.6250 

1.0680 

0.0000 

0.1660 

8.2550 

0.6960 

6.1990 

99.7970 

10.2455 

0.0139 

5.6733 

0.1614 

0.0000 

0.0447 

1.5987 

0.1605 

2.1725 

SG219-M 

55.5700 

0.0000 

27.1870 

0.4930 

0.0480 

0.1430 

8.3130 

0.6800 

6.0780 

98.5120 

10.1546 

0.0000 

5.8569 

0.0753 

0.0074 

0.0389 

1.6277 

0.1585 

2.1536 

56.3130 

0.0570 

27.6570 

1.2290 

0.0440 

0.1880 

9.0320 

0.5670 

5.8170 

100.9040 

10.0872 

0.0077 

5.8405 

0.1841 

0.0067 

0.0502 

1.7336 

0.1296 

2.0204 

60.4820 

0.0950 

22.1410 

1.4360 

0.0480 

0.5200 

5.9350 

1.3640 

6.0220 

98.0430 

11.0378 

0.0130 

4.7637 

0.2192 

0.0074 

0.1414 

1.1606 

0.3176 

2.1310 

SG2192-M 

54.9690 

0.0970 

26.7040 

1.1880 

0.0210 

0.1550 

8.7930 

0.6220 

5.9570 

98.5060 

10.1009 

0.0134 

5.7851 

0.1826 

0.0033 

0.0424 

1.7313 

0.1458 

2.1225 

SG2195-M 

55.7020 

0.0890 

27.7840 

1.3410 

0.0480 

0.1900 

9.3450 

0.5850 

5.8440 

100.9280 

10.0044 

0.0120 

5.8830 

0.2014 

0.0073 

0.0509 

1.7984 

0.1340 

2.0352 
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SG2192-C 

54.6030 

0.Q780 

28.3120 

1.0130 

0.0270 

0.1750 

9.9760 

0.4610 

5.4160 

100.0610 

9.8854 

0.0106 

6.0428 

0.1534 

0.0041 

0.0472 

1.9352 

0.1065 

1.9012 

SG2195-C 

54.8080 

0.0720 

27.4920 

1.1890 

0.0000 

0.1820 

9.6070 

0.4870 

5.6090 

99.4460 

9.9850 

0.0099 

5.9047 

0.1812 

0.0000 

0.0494 

1.8754 

0.1132 

1.9814 

SG2193-M 

55.5260 

0.0890 

27.1810 

1.2350 

0.0000 

0.1790 

8.7300 

0.6470 

6.0120 

99.5990 

10.0872 

0.0122 

5.8214 

0.1876 

0.0000 

0.0485 

1.6993 

0.1500 

2.1177 

SG2221-M 

55.2750 

0.0900 

26.9520 

1.4040 

0.0710 

0.1600 

9.5710 

0.4280 

5.6870 

99.6380 

10.0579 

0.0123 

5.7817 

0.2137 

0.0109 

0.0434 

1.8661 

0.0994 

2.0065 

SG2193-C 

55.4710 

0.1330 

27.6240 

1.1200 

0.0000 

0.1980 

9.2130 

0.5680 

5.9030 

100.2300 

10.0184 

0.0181 

5.8818 

0.1692 

0.0000 

0.0533 

1.7829 

0.1309 

2.0672 

SG2221-C 

52.0800 

0.1120 

30.5320 

1.0560 

0.0000 

0.1560 

12.3670 

0.2620 

4.0770 

100.6420 

9.4258 

0.0152 

6.5147 

0.1598 

0.0000 

0.0421 

2.3983 

0.0605 

1.4308 

SG2194-M 

56.2470 

0.1130 

25.8920 

1.2690 

0.0000 

0.1520 

8.0700 

0.7330 

6.3940 

98.8700 

10.2821 

0.0155 

5.5800 

0.1940 

0.0000 

0.0414 

1.5807 

0.1709 

2.2664 

SG2223-M 

54.0820 

0.0730 

28.2570 

1.5040 

0.0000 

0.1830 

10.7350 

0.3900 

5.0620 

100.2860 

9.8090 

0.0100 

6.0420 

0.2281 

0.0000 

0.0495 

2.0863 

0.0902 

1.7802 

SG2194-C 

55.0240 

0.0120 

26.81-10 

1.1930 

0.0000 

0.1570 

8.7550 

0.6120 

5.8120 

98.4390 

10.1070 

0.0099 

5.8066 

0.1833 

0.0000 

0.0430 

1.7231 

0.143-1 

2.0700 

SG2223-C 

58.3580 

0.1330 

25.5200 

0.9880 

0.0060 

0.1190 

6.8010 

0.9110 

6.9730 

99.8090 

10.5100 

0.0180 

5.4184 

0.1488 

0.0009 

0.0319 

1.3121 

0.2093 

2.4350 



TABLE 3 continued 

Si02 

Ti02 

Al203 

FeO 
MoO 
MgO 
Cao 
1(20 

Na20 

SUM 

Si 
n 
AI 

Fe 
Mo 
!.Ig 

Ca 
K 

Na 

Si02 

Ti02 

Al203 

FeO 
MoO 

MgO 
Cao 
1(20 

Na20 

SUM 

Si 

n 
AI 
Fe 
~ 

Mg 

Ca 
K 

~a 

SG2224-!.I 

54.2510 

0.0800 

28.3810 

1.4380 

0.0000 

0.1830 

10.8000 

0.3640 

4.9220 

100.4190 

9.8157 

0.0109 

6.0538 

0.2176 

0.0000 

0.0493 

2.0938 

0.0840 

1.7268 

SG2242-M 

53.9330 

0.0820 

29.2230 

0.9060 

0.0550 

0.2160 

10.9650 

0.3640 

4.8890 

100.6330 

9.7223 

0.0111 

6.2105 

0.1366 

0.0084 

0.0580 

2.1180 

0.0837 

1.7089 

SG222-1-C 

51.6670 

0.0470 

31.6480 

0.8670 

0.0000 

0.1760 

12.9860 

0.2350 

3.8650 

10lA910 

9.2796 

0.0063 

6.7012 

0.1302 

0.0000 

0.0471 

2.4991 

0.0538 

1.3460 

SG2242-C 

52.1890 

0.0690 

29.5540 

0.9650 

0.0000 

0.2310 

1l.4250 

0.2680 

4.4770 

99.1780 

9.5623 

0.0095 

6.3839 

0.1479 

0.0000 

0.0631 

2.2-130 

0.0626 

1.5906 

SG2225-M 

52.0950 

0.0590 

30.3990 

1.0570 

0.0430 

0.1570 

12.2590 

0.2860 

4.3970 

100.7520 

9.4305 

0.0080 

6.4876 

0.1600 

0.0066 

0.0424 

2.3779 

0.0661 

1.5434 

SG2243-M 

55.9710 

0.0800 

27.4860 

1.3510 

0.0270 

0.1620 

9.6170 

0.4890 

5.68-10 

100.8670 

10.0515 

0.0108 

5.8192 

0.2029 

0.0041 

0.0434 

1.8506 

0.1120 

1.9793 
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SG2225-C 

52.0330 

0.0570 

30.6950 

0.8720 

0.0020 

0.2130 

12.3170 

0.2550 

4.2240 

100.6680 

9.4105 

0.0078 

6.5447 

0.1319 

0.0003 

0.0574 

2.3869 

0.0588 

1.4813 

52.3140 

0.0680 

30.0000 

0.8810 

0.0830 

0.2240 

11.8470 

0.2670 

H700 

100.15-10 

9.5051 

0.0093 

6.4261 

0.1339 

0.0128 

0.0607 

2.3064 

0.0619 

1.5748 

SG2226-M 

54.1130 

0.0840 

27.3180 

1.5710 

0.0680 

0.1770 

9.7120 

0.4350 

5.4050 

98.8830 

9.9392 

0.0116 

5.9154 

0.2413 

0.0106 

0.0485 

1.9114 

0.1019 

1.9250 

51.2120 

0.0480 

32.0400 

0.7330 

0.0730 

0.2250 

13.6260 

0.1540 

3.5000 

101.6110 

9.1934 

0.0065 

6.7808 

0.1100 

0.0111 

0.0602 

2.6210 

0.0353 

1.2183 

SG2226-C 

63.2780 

0.1870 

21.1010 

0.6790 

0.0290 

0.0890 

2.1540 

U180 

7.0460 

98.9810 

I1A508 

0.0254 

4.5017 

0.1028 

0.0044 

0.0240 

0.4177 

1.0200 

2A723 

SG22-11-M 

55.4350 

0.0740 

27.1150 

1.2980 

0.0390 

0.1660 

8.8040 

0.5190 

6.0390 

99.4890 

10.0839 

0.0101 

5.8149 

0.1975 

0.0060 

0.0450 

1.7160 

0.1204 

2.1300 

SG22-11-{, 

51.9HO 

0.0-130 

30,4550 

0.8-170 

0.0680 

0.2110 

12.1310 

0.2590 

4.2230 

100.1780 

9.4362 

0.0059 

6.5228 

0.1287 

0.0105 

0.0571 

2.3615 

0.0600 

U876 

SG22H-M SG224G2-M SG224G2-C 

54.6-110 

0.0770 

27.9160 

1.2930 

0.0000 

0.1750 

9.9400 

OA750 

5.3680 

99.8850 

9.9198 

0.0105 

5.97-18 

0.1963 

0.0000 

0.04i3 

1.9336 

0.1100 

1.8896 

54.0340 

0.0790 

28.1480 

1.1370 

0.0240 

0.1830 

10.4490 

D.4560 

5.1050 

99.6150 

9.8H3 

0.0108 

6.0-158 

0.1 i32 

0.0037 

0.0497 

2.0398 

0.1060 

1.8034 

52.8790 

0.03-10 

30.5980 

0.8410 

0.0000 

0.2040 

11.5470 

0.2970 

4.5690 

100.9690 

9.5107 

0.0046 

6.1880 

0.1265 

0.0000 

0.0547 

2.2253 

0.0682 

un.! 



TABLE 3 continued 

Si02 

Ti02 
A1203 

FeO 
MIlO 

MgO 

Cao 
K20 

NaZO 

SUM 

Si 

Ti 
AI 

Fe 
Mn 
Mg 

Ca 
K 

Na 

Si02 

1102 

:\1203 

FeO 
MIlO 

MgO 

Cao 
K20 
~aZo 

SUM 

Si 

Ti 

AI 
Fe 

MIl 
!dg 

Ca 
K 

Na 

SG233-M 

56.0280 

0.0720 

27.5880 

0.9160 

0.0220 

0.1300 

9.1060 

0.4500 

6.1810 

100.4930 

10.0744 

0.0097 

5.8482 

0.1377 

0.0034 

0.0348 

1.7544 

0.1032 

2.1550 

SG2334-M 

55.5420 

0.0890 

28.6350 

1.1670 

0.0000 

0.1940 

10.2550 

0.3950 

5.4230 

101.7000 

9.8951 

0.0119 

6.0143 

0.1739 

0.0000 

0.0515 

1.9576 

0.0898 

1.8733 

SG233-C 

57.8600 

0.0160 

26.8050 

0.3170 

0.0000 

0.1000 

7.7490 

0.6460 

6.6160 

100.1090 

10.3617 

0.0022 

5.6592 

0.0475 

0.0000 

0.0267 

1.4869 

0.1476 

2.2974 

SG2334-C 

53.5590 

0.0630 

30.3220 

1.0330 

0.0090 

0.1890 

11.6370 

0.3030 

4.6470 

101.7620 

9.5665 

0.0085 

6.3851 

0.1543 

0.0014 

0.0503 

2.2272 

0.0690 

1.6094 

SG2331-C 

53.5110 

0.0450 

29.7750 

1.0480 

0.0410 

0.1990 

11.4340 

0.3510 

4.9410 

101.3450 

9.6082 

0.0061 

6.3029 

0.1574 

0.0062 

0.0533 

2.1998 

0.0804 

1.7203 

SG2361-M 

54.3010 

0.0590 

28.1910 

1.1580 

0.0160 

0.1480 

9.8790 

0.4530 

5.6320 

99.8370 

9.8684 

0.0081 

6.0400 

0.1760 

0.0025 

0.0401 

1.9237 

0.1050 

1.9846 
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SG2331-M 

59.3910 

0.1130 

25.3450 

0.9050 

0.0090 

0.1130 

6.6020 

0.9860 

7.0300 

100.4940 

10.6041 

0.0152 

5.3350 

0.1351 

0.0014 

0.0301 

1.2631 

0.2246 

2.4338 

SG2361-C 

53.6750 

0.0650 

30.0490 

0.9540 

0.0000 

0.1250 

11.2330 

0.3460 

4.8520 

101.2990 

9.6207 

0.0088 

6.3497 

0.1430 

0.0000 

0.0334 

2.1574 

0.0791 

1.6863 

SG2332-C 

54.5490 

0.0440 

28.9220 

1.0400 

0.0000 

0.1960 

10.8590 

0.3820 

4.9580 

100.9500 

9.7979 

0.0059 

6.1244 

0.1562 

0.0000 

0.0525 

2.0899 

0.0875 

1.7268 

SG2362-M 

54.3970 

0.0650 

29.0630 

0.9630 

0.0460 

0.1810 

11.0000 

0.3690 

5.0940 

101.[780 

9.7594 

0.0088 

6.1472 

0.1445 

0.0070 

0.0484 

2.1146 

0.0845 

1.7nl 

SG2332-M 

56.4350 

0.0730 

27.7930 

1.2910 

0.0150 

0.2110 

9.2550 

0,4820 

5.6110 

101.1660 

10.0777 

0.0098 

5.8511 

0.1928 

0.0023 

0.0562 

1.7709 

0.1098 

1.9428 

SG2362-C 

53.9470 

0.0280 

29.7900 

0.8950 

0.0000 

0.2020 

11.0420 

0.3540 

0130 

100.9710 

9.6824 

0.0038 

6.3034 

0.1343 

0.0000 

0.0540 

2.1235 

0.0811 

1.6402 

SG2333-M 

57.0130 

0.1100 

27.1140 

1.1570 

0.0130 

0.1320 

8.2460 

0.5860 

6.6310 

101.0020 

10.1949 

0.0148 

5.7160 

0.1730 

0.0020 

0.0352 

1.5800 

0.1337 

2.2992 

SG2363-M 

55.7430 

0.0820 

28.1200 

1.2220 

0.0000 

0.1580 

9.9160 

0.4610 

5.5230 

10\.2250 

9.9726 

0.0110 

5.9309 

0.1828 

0.0000 

0.0421 

1.9009 

0.1 052 

1.9159 

55.1040 

0.0920 

27.7660 

1.3560 

0.0000 

0.1950 

9.9450 

0.4350 

5,4940 

100.3870 

9.9549 

0.0125 

5.9136 

0.2049 

0.0000 

0.0525 

1.9251 

0.1003 

1.9245 

SG2363-C 

54,4520 

0.0350 

28.7600 

1.0800 

0.0000 

0.1550 

10,4650 

0,4040 

5.3110 

100.6620 

9.8128 

0.0047 

6.1102 

0.1628 

0.0000 

0.0416 

2.0208 

0.0929 

1.6558 
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TABLE 3 continued 

SG24A21-M SG24A21-C SG24A22-M SG24A22-<: SG24A23-M SG24A23-C 

Si02 

ilO2 

Al200 

FeO 

MgO 

Cao 
K'ZO 
~a20 

SUM 

Si 

Ti 
AI 
Fe 

Idn 
Mg 
Ca 
K 

Na 

SiOZ 

ilO2 

Al200 

FeO 
MnO 

MgO 

Cao 
K'ZO 

Na20 

SUM 

Si 

Ti 
AI 
Fe 

Idn 
Mg 
Ca 
K 

Na 

55.5940 

0.0850 

27.5990 

1.2520 

0.0160 

0.1610 

9.0870 

0.4990 

6.0670 

100.3600 

10.0305 

0.0115 

5.8705 

0.1889 

0.0024 

0.0433 

1.7568 

0.1149 

2.1225 

SG2521-<: 

53.1700 

0.0300 

29.5080 

0.8350 

0.0460 

0.1610 

11,4790 

0.2930 

4.6360 

100.1580 

9.6385 

0.0041 

6.3062 

0.1266 

0.0071 

0.0435 

2.2297 

0.0678 

1.6295 

53.2520 

0.0680 

29.9550 

0.9090 

0.0000 

0.1430 

11.3800 

0.3560 

4.7740 

100.8370 

9.5949 

0.0092 

6.3630 

0.1370 

0.0000 

0.0384 

2.1971 

0.0818 

1.6679 

SG2521-M 

54.5420 

0.0890 

26.6800 

1.1440 

0.0180 

0.5030 

9.5170 

0.4000 

5.6390 

98.5320 

10.0284 

0.0123 

5.7833 

0.1759 

0.0028 

0.1378 

1.8750 

0.0938 

2.0104 

55.4430 

0.1190 

27.7400 

1.4340 

0.0000 

0.1650 

9.3790 

0.4650 

6.0720 

100.8170 

9.9786 

0.0161 

5.8859 

0.2158 

0.0000 

0.0443 

1.8087 

0.1068 

2.1190 

SG2522-M 

55.0030 

0.0680 

27.4140 

0.9750 

0.0060 

0.1550 

9.6590 

0.3860 

5.3340 

99.0000 

10.0344 

0.0093 

5.8961 

0.1488 

0.0009 

0.0421 

1.8881 

0.0898 

1.8869 

53.0110 

0.0150 

29.0010 

0.9780 

0.0000 

0.1500 

10.9220 

0.3530 

4.8700 

99.3000 

9.6923 

0.0021 

6.2512 

0.1495 

0.0000 

0.0409 

2.1397 

0.0823 

1.7265 

SG2522-<: 

53.6300 

0.0560 

28.9770 

1.0340 

0.0000 

0.1340 

10.8160 

0.3080 

5.0290 

99.9840 

9.7336 

0.0076 

6.2002 

0.1570 

0.0000 

0.0362 

2.1034 

0.0713 

1.7698 

58.0000 

0.1220 

25.8150 

1.2730 

0.0340 

0.1370 

7.4400 

0.8570 

6.6050 

100.2830 

10.4238 

0.0165 

5.4696 

0.1913 

0.0052 

0.0367 

1,4327 

0.1965 

2.3017 

SG2581-M 

52.8880 

0.0570 

30.5520 

0.9030 

0.0570 

0.1430 

12.2410 

0.2490 

404250 

101.5150 

9.4828 

0.0077 

6,4582 

0.1354 

0.0087 

0.0382 

2.3518 

0.0570 

1.5384 

55.7030 

0.1050 

28.0670 

1.2500 

0.0060 

0.1450 

9.4400 

0.5010 

5.7630 

100.9800 

9.9868 

0.0142 

5.9324 

0.1874 

0.0009 

0.0387 

1.8135 

0.1146 

2.0034 

52.0290 

0.0790 

29.3970 

0.9990 

0.1010 

0.1450 

11.1510 

0.3420 

4.5900 

98.8330 

9.5732 

0.0109 

6.3768 

0.1537 

0.0157 

0.0398 

2.1985 

0.0803 

1.6376 

52.9590 

0.0180 

29.2180 

0.5620 

0.0560 

0.1220 

10.5970 

0.3600 

5.0230 

98.9150 

9.6968 

0.0025 

6.3071 

0.0861 

0.0087 

0.0333 

2.0791 

0.0841 

1.7833 

SG2581-C SG2510A-M SG2510A-(' 

64.9620 

0,4780 

19.8700 

1.0750 

0.0000 

0.2000 

3.9220 

2.1150 

6.4540 

99.0760 

11.6272 

0.0643 

·U928 

0.1609 

0.0000 

0.0533 

0.7522 

0.4830 

2.2399 

55.4630 

0.0860 

26.7020 

1.0830 

0.0000 

0.1670 

8.4840 

0.5370 

5.9790 

98.5010 

10.1616 

0.0118 

5.7675 

0.1659 

0.0000 

0.0456 

1.6655 

0.1255 

2.1241 

57.2550 

0.1160 

25.5230 

1.0070 

0.0000 

0.1400 

7.0910 

0.7150 

6.4030 

98.2500 

10A616 

0.0159 

5.4980 

0.1539 

0.0000 

0.0381 

1.3883 

0.1667 

2.2686 
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TABLE 3 continued 

SG2510A-M SG25101-C SG25101-M SG25102-M SG25102-C 

Si02 

Ti02 

Al203 

FeO 
MIlO 

MgO 
Cao 
1(20 

Sa20 

SUM 

Si 

Ti 
AI 
Fe 

Mn 
Mg 

Ca 
K 

Na 

54.6250 

0.0840 

27.3110 

1.0170 

0.0000 

0.1570 

8.9190 

0.4740 

5.6260 

98.2130 

10.0419 

0.0116 

5.9190 

0.1564 

0.0000 

0.0430 

1.7568 

0.1112 

2.0054 

55.1680 

0.0710 

28.9680 

1.0090 

0.0000 

0.1550 

10.3040 

0.4460 

5.1410 

101.2620 

9.8595 

0.0095 

6.1034 

0.1508 

0.0000 

0.0413 

1.9732 

0.1017 

1.7815 

55.4600 

0.0950 

28.5730 

0.9080 

0.0740 

0.1650 

10.1450 

0.4540 

5.5770 

101.4510 

9.9021 

0.0128 

6.0144 

0.1356 

0.0112 

0.0439 

1.9409 

0.1034 

1.9308 

58.9330 

0.0790 

25.5130 

1.2450 

0.0410 

0.1360 

7.3340 

0.7150 

6.8170 

100.8130 

10.5176 

0.0106 

5.3680 

0.1858 

0.0062 

0.0362 

1.4025 

0.1628 

2.3590 

5H740 

0.0980 

26.1590 

1.1910 

0.0000 

0.1390 

7.8150 

0.6800 

6.4240 

99.9800 

10.3560 

0.0133 

5.5569 

0.1795 

0.0000 

0.0373 

1.5088 

0.1563 

2.2444 

SG2510-C 

62.1360 

0.1010 

23.2140 

0.7900 

0.0000 

0.1070 

-l.9860 

1.9450 

6.4020 

99.6810 

11.1028 

0.0136 

-l.8902 

0.1181 

0.0000 

0.0285 

0.9546 

0.4434 

2.2181 

SG2510-M SG25103-C 

59.3680 

0.0040 

24.8430 

0.5020 

0.0180 

0.1220 

5.9110 

1.0310 

7.0750 

98.8740 

10.7246 

0.0005 

5.2908 

0.0758 

0.0028 

0.0328 

1.1442 

0.2376 

2A782 

55.1810 

'10910 

27.9430 

1.1930 

0.0000 

0.1630 

9.5720 

0.4970 

5.6480 

100.2880 

9.9648 

0.0124 

5.9489 

0.1802 

0.0000 

0.0439 

1.6521 

0.1145 

1.97ii 

SG25103-M SG25131-M SG25131-C SG25131-M SG25131-C SG25132-M SG25132-C SG25132-M 

Si02 

Ti02 

Al203 
FeO 

MIlO 

MgO 
Cao 
1(20 

~a20 

SUM 

Si 

Ti 

AI 
Fe 

MIl 
Mg 

Ca 
K 

Na 

64.3450 

0.1470 

21.9460 

0.9800 

0.0000 

0.0670 

2.7670 

2.3190 

7.7740 

100.3450 

11.3998 

0.0196 

4.5838 

0.1452 

0.0000 

0.0177 

0.5253 

0.5242 

2.6706 

56.7690 

0.0920 

27.0420 

1.1640 

0.0060 

0.1280 

8.5170 

0.5680 

6.1120 

100.3980 

10.2010 

0.0124 

5.7287 

0.1749 

0.0009 

0.0343 

1.6399 

0.1302 

2.1296 

55.3940 

0.0840 

28.1460 

1.1360 

0.0000 

0.1610 

9.4490 

0.4300 

5.6530 

100.4530 

9.9721 

0.0114 

5.9735 

0.1710 

0.0000 

0.0432 

1.8226 

0.0988 

1.9733 

56.6510 

0.1250 

27.1650 

1.1500 

0.0000 

0.1640 

8.2270 

0.6410 

6.3710 

100.4940 

10.1767 

0.0169 

5.7530 

0.1728 

0.0000 

0.0439 

1.5836 

0.1469 

2.2192 

57.3560 

0.1310 

25.9600 

1.1340 

0.1140 

0.1610 

7.5850 

0.7470 

6.5160 

99.7040 

10.3681 

0.0178 

5.5324 

0.1714 

0.0175 

0.0434 

1A692 

0.1723 

2.2839 

55.9450 

0.0570 

27.3490 

1.0430 

0.0000 

0.1650 

9.2000 

0.5250 

5.6080 

99.8920 

10.1 09" 

0.0077 

5.8263 

0.1576 

0.0000 

0.0444 

1.7813 

0.1210 

1.9649 

55.3950 

0.0760 

28.1980 

0.9120 

0.0000 

0.1830 

9.8690 

0.4820 

5.3380 

100.4530 

9.9664 

0.0103 

5.9810 

0.1372 

0.0000 

0.0491 

1.9025 

0.1106 

1.8622 

57.1290 

0.0880 

26.6470 

1.1030 

0.0000 

0.1640 

8.5560 

0.5830 

6.0560 

100.3260 

10.2652 

0.0119 

5.6446 

0.1658 

0.0000 

0.0439 

1.6473 

0.1336 

2.11 00 
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TABLE 3 continued 

Si02 
Ti02 

Al200 

FeO 
MoO 

MgO 
Cao 
1(20 

Na20 

SUM 

Si 
Ti 
AI 

Fe 
Mo 
Mg 

Ca 
K 

Na 

Si02 

Ti02 

Al200 

FeO 
MoO 
MgO 

Cao 
1(20 

~a20 

SUM 

Si 
Ti 

AI 
Fe 

MIl 
Mg 

Ca 
K 

Na 

~5132-C ~5132-M ~5132-C ~517l-M ~5171-C SG25172-C ~5172-M SG2518 HI 

56.9880 

0.0130 

26.5430 

1.1590 

0.0000 

0.1420 

8.6880 

0.5910 

6.0470 

100.17l0 

10.2644 

0.0018 

5.6362 

0.1746 

0.0000 

0.0381 

1.6767 

0.1358 

2.1119 

57.9420 

0.0480 

26.3950 

1.2210 

0.0000 

0.1610 

8.0880 

o.s110 

6.2740 

100.7400 

10.3564 

0.0065 

5.5619 

0.1825 

0.0000 

0.0429 

1.5490 

0.1393 

2.1744 

54.6890 

0.0480 

28.4680 

1.0050 

0.0580 

0.1650 

10.3580 

0.4420 

5.1200 

100.3530 

9.8721 

0.0065 

6.0583 

0.1517 

0.0089 

0.0444 

2.0034 

0.1018 

1.7921 

64.6510 

0.1040 

21.5240 

0.8480 

0.0060 

0.1300 

2.5880 

4.3070 

6.8640 

101.0220 

11.4550 

0.0139 

4.4961 

0.1257 

0.0009 

0.0343 

0.4913 

0.9736 

2.3582 

54.6370 

0.0710 

28.8230 

0.8870 

0.0000 

0.1680 

10.7190 

0.3630 

5.2800 

100.9480 

9.8125 

0.0096 

6.1027 

0.1332 

0.0000 

0.0450 

2.0627 

0.0832 

1.8387 

53.1160 

0.0540 

29.9850 

1.0490 

0.0000 

0.1500 

11.7770 

0.3200 

4.8230 

101.2740 

9.5522 

0.0073 

6.3573 

0.1578 

0.0000 

0.0402 

2.2694 

0.0734 

1.6818 

54,4670 

0.0290 

29.4940 

0.8930 

0.0000 

0.1620 

11.0310 

0.3760 

4.9900 

101.4420 

9.7360 

0.0039 

6.2154 

0.1335 

0.0000 

0.0432 

2.1128 

0.0857 

1.7295 

53.9140 

0.0790 

29.0260 

1.0190 

0.0970 

0.1540 

10.4000 

0.4220 

4.8830 

99.9940 

9.7700 

0.0108 

6.2011 

0.1544 

0.0149 

0.0416 

2.0194 

0.0976 

1.7158 

~5181-C ~5182-M ~5182-C ~5183-M ~5183-C ~5221-C ~5221-M SG25222-1,{ 

52.9270 

0.0440 

29.7520 

0.9410 

0.0000 

0.1600 

11.2590 

0.3140 

4.7960 

100.1930 

9.5973 

0.0060 

6.3603 

0.1427 

0.0000 

0.0432 

2.1876 

0.0726 

1.6863 

59.2710 

0.2900 

24.3190 

1.0710 

0.0000 

0.0920 

7.5010 

1.7470 

5.2260 

99.5170 

10.7015 

0.0394 

5.1765 

0.1617 

0.0000 

0.0248 

1.4512 

0.4024 

1.8296 

54.5550 

0.0780 

29.2020 

0.9440 

0.0000 

0.1870 

10.6870 

0.3820 

5.1140 

101.1490 

9.7753 

0.0105 

6.1687 

0.1415 

0.0000 

0.0499 

2.0518 

0.0873 

1.7768 

56.5910 

0.2150 

21.2130 

3.2680 

0.0560 

5.8130 

6.1300 

0.5420 

5.5740 

99."020 

10.3611 

0.0296 

4.5788 

0.5004 

0.0087 

1.5861 

1.2026 

0.1266 

1.9788 

53.8200 

0.0810 

29.9200 

0.9750 

0.0000 

0.1720 

11.1510 

0.3450 

".7580 

101.2220 

9.6470 

0.0109 

6.3227 

0.1462 

0.0000 

0.0459 

2.1417 

0.0789 

1.6537 

57.6510 

0.1120 

25.9260 

1.3900 

0.0000 

0.1100 

8.2390 

0.5460 

5.6830 

99.6570 

10.4034 

0.0152 

5.5156 

0.2098 

0.0000 

0.0296 

1.5931 

0.1257 

1.9885 

58.3230 

0.1010 

26.1530 

1.3140 

0.0000 

0.1340 

7.2600 

0.7850 

6.7820 

100.8520 

10.4148 

0.0136 

5.5058 

0.1962 

0.0000 

0.0357 

1.3891 

0.1788 

2.3483 

58.5280 

0.4190 

24.4230 

1.6-160 

0.0000 

0.3900 

7.3620 

1.2-180 

5.9210 

99.9370 

10.5659 

0.0569 

5.1979 

0.2485 

0.0000 

0.1049 

U241 

0.287 t 

2.0726 
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TABLE 3 continued 

Si02 

ii02 
A1200 

FeO 
MnO 
MgO 
Cao 

li20 

Na20 

SUM 

Si 

Ti 
AI 
Fe 

MIl 
Mg 

Ca 

K 

Na 

Si02 

Ti02 

A1200 
FeO 

MIlO 

MgO 

CaO 
li20 

Na20 

SUM 

Si 

Ti 

AI 

Fe 
MIl 
Mg 
Ca 

K 
~a 

~5222-C ~5223-M ~5223-C ~5251-C ~5251-M ~5252-M ~5252-C ~5253-t,{ 

55.5730 

0.0700 

27.7840 

l.l840 

0.0190 

0.1370 

8.7390 

0.5030 

6.0550 

100.0640 

10.0386 

0.0095 

5.9169 

0.1789 

0.0029 

0.0369 

1.6915 

0.1159 

2.1208 

56.3930 

0.0850 

27.6400 

l.l560 

0.0000 

0.1470 

8.6460 

0.5880 

6.1090 

100.7640 

10.1074 

0.0115 

5.8404 

0.1733 

0.0000 

0.0393 

1.6604 

0.1345 

2.1231 

54.8530 

0.0730 

28.5910 

l.l340 

0.0250 

0.1370 

10.0350 

D.-l530 

5.3640 

100.6650 

9.8728 

0.00\19 

6.0667 

0.1707 

0.0038 

0.0367 

1.9353 

0.1040 

1.8720 

56.3000 

0.0890 

27.2920 

1.1870 

0.0000 

0.2320 

9.2160 

0.4490 

6.0350 

100.8000 

10.1 0 16 

0.0120 

5.7731 

0.1781 

0.0000 

0.0620 

1.7718 

0.1028 

2.0996 

56.9630 

0.0690 

26.9080 

1.1550 

0.0000 

0.1660 

8.6100 

0.8760 

5.9880 

100.7350 

10.2166 

0.0093 

5.6896 

0.1732 

0.0000 

0.0444 

1.6547 

0.2004 

2.0825 

56.1930 

0.0600 

27.9160 

1.0130 

0.0000 

0.1610 

9.2030 

0.3690 

6.0080 

100.9230 

10.0540 

0.0081 

5.8884 

0.1516 

0.0000 

0.0429 

1.7643 

0.0842 

2.0843 

55.4540 

0.0930 

27.5630 

1.0690 

0.0090 

0.1720 

9.3390 

0.3860 

5.9050 

99.9900 

10.0298 

0.0127 

5.8772 

0.1617 

0.0014 

0.0464 

1.8099 

0.0891 

2.0709 

56.0630 

0.0710 

27.8570 

1.1550 

0.0000 

0.2040 

9.4990 

0.3820 

5.8520 

101.0830 

10.0303 

0.0096 

5.8757 

0.1728 

0.0000 

0.05H 

1.8210 

0.0872 

2.0301 

~5253-C SG25254-M SG25254-C SG25254-M SG25254-C ~5255-M SG25255-C SG25255-\I 

56.2100 

0.0710 

28.4310 

0.7850 

0.0000 

0.1710 

9.5610 

0.4340 

5.5730 

101.2360 

10.0129 

0.0095 

5.9707 

0.1169 

0.0000 

0.0454 

1.8249 

0.0986 

1.9249 

56.3490 

0.0860 

27.5180 

l.l430 

0.0130 

0.1830 

9.4350 

0.4690 

5.8450 

101.0410 

10.0845 

0.0116 

5.8060 

0.1711 

0.0020 

0.0488 

1.8093 

0.1071 

2.0283 

53.9840 

0.0810 

29.0150 

1.0550 

0.0050 

0.1450 

10.3860 

0.U20 

5.2000 

100.2830 

9.7634 

O.OllO 

6.1865 

0.1596 

0.0008 

0.0391 

2.0127 

0.0951 

1.8236 

57.0560 

0.1100 

27.0860 

1.2250 

0.0040 

0.1520 

8.3500 

M780 

6.2720 

100.7330 

10.2135 

0.0148 

5.7162 

0.1834 

0.0006 

0.0406 

1.6016 

0.1092 

2.1770 

56.2100 

0.0550 

26.5400 

1.0090 

0.0270 

0.1200 

9.2420 

0.4930 

5.6100 

99.3060 

10.2120 

0.0075 

5.6844 

0.1533 

0.0042 

0.0325 

1.7991 

0.1143 

1.9762 

57.5840 

0.1380 

26.0220 

1.1980 

0.0000 

0.1800 

8.1860 

0.4320 

6.4570 

100.1970 

10.3539 

0.0187 

5.5161 

0.1802 

0.0000 

0.0482 

1.5771 

0.0991 

2.2512 

54.5830 

0.0470 

27.7870 

1.0660 

0.0000 

0.1580 

9.4930 

004050 

5.6600 

99.1990 

9.9570 

0.0064 

5.9759 

0.1626 

0.0000 

0.0430 

1.8555 

0.0943 

2.0020 

55.6000 

0.0780 

27.t220 

1.1450 

0.0000 

0.1650 

9.3220 

0.4720 

6.0340 

100.2380 

10.0433 

0.0106 

5.8397 

0.1730 

0.0000 

0.0444 

1.8043 

0.1088 

2.1131 



TABLE 3 continued 

Si~ 

TI~ 

A1203 
FeO 

MIlO 
MgO 

Cao 
1<20 

Na20 

SUM 

Si 
TI 
AI 
Fe 

Mn 

Mg 

Ca 
K 

Na 

~5255-M 

57.9980 

0.1030 

26.8300 

1.1900 

0.0000 

0.1450 

7.8430 

0.5570 

6.5550 

101.2210 

10.3152 

0.0138 

5.6257 

0.1770 

0.0000 

0.0384 

1.4947 

0.1264 

2.2606 

~525-M 

55.1 140 

0.0550 

28.3110 

1.0730 

0.0000 

0.1 970 

9.8750 

0.3780 

5.5140 

100.5170 

9.9229 

0.0074 

6.0093 

0.1616 

0.0000 

0.0529 

1.9051 

0.0868 

1.9250 
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~525-C ~5293-C ~5293-M ~5294-M SG25294-C SG25295-\! 

54.2570 

0.0590 

29.0010 

1.0190 

0.0000 

0.1450 

10.9170 

0.2100 

5.0660 

100.6740 

9.7706 

0.0080 

6.1569 

0.1535 

0.0000 

0.0389 

2.1065 

0.0482 

1.7689 

53.8790 

0.0650 

29.1780 

1.0570 

0.0000 

0.1550 

10.9780 

0.3320 

4.8860 

100.5300 

9.7254 

0.0088 

6.2091 

0.1596 

0.0000 

0.0417 

2.1233 

0.0765 

1.7101 

54.4170 

0.0580 

28.7980 

1.1690 

0.0100 

0.1420 

10.5920 

0.3260 

5.0900 

100.6020 

9.8083 

0.0079 

6.1194 

0.1762 

0.0015 

0.0381 

2.0457 

0.0750 

1.7789 

55.4190 

0.0280 

28.4740 

0.8930 

0.0000 

0.1250 

10.4380 

0.3890 

5.3650 

101.1310 

9.9184 

0.0038 

6.0078 

0.1337 

0.0000 

0.0333 

2.0017 

0.0888 

1.8618 

54.4860 

0.0550 

29.2420 

0.9130 

0.0000 

0.1490 

11.0260 

0.3040 

4.9350 

101.1100 

9.7654 

0.0074 

6.1787 

0.1369 

0.0000 

0.0398 

2.1175 

0.0695 

1.7150 

57.0250 

0.0690 

26.3090 

1.1 760 

0.0160 

0.1 51 0 

8.2090 

0.5470 

6.3910 

99.6970 

10.2954 

0.0094 

5.5997 

0.1 779 

0.0028 

0.0406 

1.5860 

0.12BO 

2.2373 

~5295-M ~5295-C ~5295-C ~529B-M ~5296-C ~5322-C ~5322-!d SG25324-f 

Si~ 

TI~ 

A1203 
FeO 

MIlO 

MgO 

Cao 
1<20 

Na20 

SUM 

Si 

TI 
AI 
Fe 

Mn 

Mg 

Ca 
K 

Na 

57.6560 

0.1080 

26.0320 

1.2070 

0.0070 

0.1250 

7.8220 

0.5220 

6.6690 

100.1480 

10.3715 

0.0146 

5.5207 

0.1816 

0.0011 

0.0335 

1.5077 

0.1198 

2.3261 

55.9260 

0.0620 

28.1660 

1.0320 

0.0090 

0.1560 

9.7420 

0.4160 

5.5910 

101.1000 

9.9990 

0.0083 

5.9368 

0.1543 

0.0014 

0.0416 

1.8663 

0.0949 

1.9363 

55.9470 

0.0600 

26.9610 

1.1590 

0.0000 

0.1690 

8.9730 

0.4700 

5.8040 

99.5830 

10.1439 

0.0109 

5.7673 

0.1757 

0.0000 

0.0457 

1.7433 

0.1087 

2.0405 

54.4560 

0.0660 

28.0720 

1.2050 

0.0000 

0.2620 

10.3290 

0.3050 

5.3340 

100.0290 

9.8739 

0.0090 

6.0007 

0.1827 

0.0000 

0.0708 

2.0068 

0.0706 

1.6753 

52.6040 

0.0330 

29.8060 

0.8870 

0.0030 

0.1670 

11.2540 

0.2490 

4.7790 

99.7840 

9.5745 

0.0045 

6.3961 

0.1350 

0.0005 

0.0453 

2.1948 

0.0578 

1.6866 

52.3320 

0.0650 

30.6340 

0.8630 

0.0000 

0.1210 

12.3650 

0.2370 

4.3810 

100.9980 

9.4353 

0.0088 

6.5115 

0.1301 

0.0000 

0.0325 

2.3888 

0.0545 

1.5316 

52.4320 

0.1790 

29.7720 

0.9590 

0.0440 

0.1390 

11.8950 

0.2740 

6.2690 

101.9630 

9.4352 

0.0242 

6.3161 

0.IH3 

0.0067 

0.0373 

2.2936 

0.0629 

2.1674 

63.7600 

0.3520 

21.1 040 

0.87BO 

O.OIBO 

0.0930 

3.0410 

2.7460 

6.9410 

98.9290 

11.4629 

0.0476 

H730 

0.1317 

0.002t 

0.0249 

0.5858 

0.6298 

2.1I96 
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TABLE 3 continued 

SG25324-C SG2532·HI SG2532~-M SG25325-M SG25325-C 

S~ 

Ti02 

A1203 
FeO 

MoO 

MgO 

Cao 
1(20 

NaZO 
SUM 

Si 

Ti 

AI 
Fe 

Mn 
Mg 

Ca 
K 

Na 

Si02 

T!02 
A1203 

FeO 
MoO 

MgO 

Cao 
1(20 

NaZO 

SUM 

Si 

Ti 

AI 

Fe 
Mn 
Mg 

Ca 
K 

Na 

67.4210 

0.1210 

18.7320 

0.8350 

0.2410 

0.1200 

2.6340 

1.6490 

6.6690 

98.4220 

12.0146 

0.0162 

3.9354 

0.1244 

0.0364 

0.0319 

0.5029 

0.3749 

2.3044 

SG2724-C 

51.6620 

0.0470 

30.8760 

0.8590 

0.0290 

0.2410 

12.5880 

0.1790 

U260 

100.7070 

9.3507 

0.0064 

6.5685 

0.1300 

0.0044 

0.0650 

2.4413 

0.0413 

1.4831 

54.9640 

0.0430 

28.0200 

1.1500 

0.0320 

0.1140 

9.6040 

0.4330 

5.9010 

100.2610 

9.9376 

0.0058 

5.9725 

0.1739 

0.0049 

0.0307 

1.8606 

0.0999 

2.0687 

SG2851-C 

55.4030 

0.0680 

29.0270 

0.9860 

0.0000 

0.1970 

10.4740 

0.4180 

5.0390 

101.6120 

9.8641 

0.0091 

6.0927 

0.1468 

0.0000 

0.0523 

1.9962 

0.0949 

1.7396 

54.6710 

0.0490 

28.8300 

1.0210 

0.0000 

0.1370 

10.2000 

0.3560 

5.4760 

100.9400 

9.8466 

0.0066 

6.0993 

0.1532 

0.0000 

0.0366 

1.9613 

0.0815 

1.9054 

SG2851-M 

55.9050 

0.0840 

27.9540 

1.1490 

0.0030 

0.2010 

9.4250 

0.5320 

5.7290 

100.9820 

10.0151 

0.0113 

5.9039 

0.1721 

0.0005 

0.0537 

1.8092 

0.1216 

1.9901 

55.2500 

0.0490 

28.7340 

0.6140 

0.0030 

0.1320 

9.7640 

0.4040 

5.7140 

100.6640 

9.9126 

0.0066 

6.0777 

0.0921 

0.0005 

0.0353 

1.8771 

0.0925 

1.9878 

SG2852-M 

57.3570 

0.0930 

26.9960 

1.1780 

0.0450 

0.1620 

8.1820 

0.6970 

6.2970 

101.0070 

10.2438 

0.0125 

5.6841 

0.1760 

0.0068 

0.0431 

1.5658 

0.1588 

2.1607 

52.4890 

0.0010 

30.8080 

0.7510 

0.0220 

0.1420 

12.0810 

0.2530 

4.5380 

101.0850 

9.4455 

0.0001 

6.5360 

0.1130 

0.0034 

0.0381 

2.3295 

0.0581 

1.5834 

SG2852-C 

57.6000 

0.0990 

26.6260 

1.2620 

0.0260 

0.1930 

8.0260 

0.6830 

6.4800 

101.1950 

10.3032 

0.0133 

5.5955 

0.1881 

0.0039 

0.0513 

1.5330 

0.1553 

2.2397 

SG2722-M 

54.1260 

0.0840 

28.7750 

1.2180 

0.0000 

0.2950 

11.1640 

0.3140 

4.8120 

100.7880 

9.7552 

0.0114 

6.1141 

0.1836 

0.0000 

0.0792 

2.1560 

0.0722 

1.6816 

SG2853-M 

56.0780 

0.0650 

28.4670 

1.0140 

0.0360 

0.1830 

9.7540 

0.5130 

5.4800 

101.6100 

9.9765 

0.0087 

5.9747 

0.1509 

0.0054 

0.0465 

1.8594 

0.1164 

1.8904 

SG2722-C 

51.9510 

0.0860 

30.4760 

0.9960 

0.1320 

0.2760 

12.5000 

0.2420 

4.1250 

100.7840 

9.4014 

0.0117 

6.5019 

0.1507 

0.0202 

0.0744 

2.1238 

0.0559 

1.4474 

52.6930 

0.1110 

29.6670 

1.1270 

0.0000 

0.2910 

12.4180 

0.2370 

U690 

100.7330 

9.5304 

0.0151 

6.3301 

0.1705 

0.0000 

0.0784 

2.4066 

0.0547 

1.4621 

SG2853-C SG26131-C 

55.7720 

0.0400 

28.3100 

1.0220 

0.0300 

0.1660 

9.5550 

0.4660 

5.5310 

100.9120 

9.9868 

0.0054 

5.9764 

0.1531 

0.0046 

0.0443 

1.6333 

0.1 110 

1.0204 

50.6600 

0.1100 

31.9630 

1.1350 

0.0000 

0.1450 

14.0340 

0.1690 

3.4640 

101.9000 

9.1387 

0.0149 

6.7709 

0.1706 

0.0000 

0.0388 

2.7020 

0.0433 

1.2069 
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TABLE 3 continued 

SG28132-(, 

Si02 55.2710 

Ti~ 0.2520 

A1200 29.1470 

FeO 1.0810 

MoO 0.0000 

MgO 0.1750 

Cao 9.9450 

1(20 0.7060 

Na20 5.3370 

SUM 101.9140 

Si 9.8309 

Ti 0.0337 

AI 6.1119 

Fe 0.1608 

Mn 0.0000 

Mg 0.0464 

Ca 1.8954 

K 0.1602 

Na 1.8407 
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APPENDIX H GEOLOGIC AND TOPOGRAPHIC MAPS 
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