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ABSTRACT 

The Kline Mountain kaolin deposit is situated on the northwestem flank of Kline 

Mountain in the complex Black Range uplift, Sierra County, New Mexico. It is located 

within the Gila National Forest. The deposit, discovered by Dr. F. L. Schneider in 1958, was 

used experimentally for i ts kaolin content in making ceramic tile. In 1962 and 1980, samples 

from the deposit were examined in some detail by the private sector to be utilized as paper 

coater. However, fine-grained silica ( cristobalite and/or tridymite) within the kaolin has 

been reported as a major drawback for use in the paper industry. The whole deposit was 

reported to have 200 million tons reserve with 38 to 39 percent Alı03 and a very high 

Standard Brightness of 94 percent The production of kaolin has been by open pit mining 

methods. About 900 tons of kaolin were sol d in 1969 for use as an o il absorbent by Union Oil 

Company. After screening crushed kaolin ore, it was shipped by trucks to Elephant Butte 

Lake for use in the Santa Barbara Channel Oil Spill. 

The kaolinized tuff of the Kline Mountain area lies on the eastem margin of the 

Mogollon Plateau volcano-tectonic province, a major mid-Tertiary volcanic center. The 

la ter s ta ge of the e vol u tion of this center w as related to the extensional environment of Basin 

and Range province and the Rio Grande rift. Local faults in the study area could have 

originated by the intrusion of Kline Mountain rhyolitic domes, which may be aset of ring 

fracture intrusions possibly related to the Gila Cliff Dwellings cauldron to the west. These 

faults have probably been reactivated by Basin and Range extension in the past 21 Ma. Faults 

in the study area display two dominant trends: northwest and northeast. The dominant 

structural s tyle found in the study area is high-angle normal faulting. The stratigraphy in the 
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Kline Mountain clay deposit area consists of mid-Tertiary bimodal volcanic and 

volcanoclastic deposits that consist ofbasaltic andesi te lavas, high-silica rhyolite lavas, and 

pyroclastic material. 

The kaolin deposit occurs asa result ofhydrothermal alteration within the advanced 

argillic zone of the tuff of Kline Mountain. The hydrothermal origin is indicated by clay 

minerals, silicification, volcanogenic materials and textures, structural and stratigraphic 

controls of the original volcanic sequence. The deposit is a result of kaolinization, 

alunitization and silicification that appears to have come from mid-Tertiary alteration and 

mineralization, both of which have affected the Kline Mountain rhyolite porphyry and the 

Taylor Creek rhyolite porphyry. 

Relative to the KI ine Mountain intrusive contact, the more distally located kaolinitic 

clay shows an inverse relationship between SiOı and Alı03. In the proximal alunitic 

samples, SiOı has the lowest percentage, while Alı03 and Joss on ignition (LO I) are in the 

higher percentages, and KıO is the highest. Thus, the ratio Aiı03+KıO+LOI:SiOı is very 

low in the kaolinitic clays and is high in the alunite samples. 

Based on the chemical analyses of surface localities and one drill core, the mineral 

compositions of each sample were calculated. The detected mineral percentages correspond 

tominerals present from XRD data. M inerals are calculated under fo ur categories: kaolinite, 

alunite, silica (quartz, tridymite, opal, and cristobalite), and accessory minerals. Variations 

in the proportions of m inerals was found with respect to depth of the drill core. Within the 

kaolinization zone, the kaolinite proportion is between 30.97 % and 58.20 % by weight. 

However, this percentage drops drastically to 5.27 %, and silica increases to 72.63 % in the 
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basal breccia zone, indicating the limit of economically viable kaolin deposits at 158 ft ( 48 

m) depth. On the basis of calculated mineral composition and XRD data, there is an inverse 

relationship between kaolinite percentage and proximity to the intrusion. Conversely, there 

is a proportional relationship between alunite content and the proximity of the intrusion. 

XRD data indicates that kaolinite is present in both whole-rock and clay-size 

fractions of each sample, while smectite was identified in two clay-size samples as the 

second clay mineral present due to the increasing amount of this clay mineral in this fraction. 

Elsewhere, alunite dominant samples in the both sizes show weak. smail peaks of kaolinite 

reflection. 

According to SEM photomicrographs of three outcrop sanıpfes studied, four 

kaolinite textures are recognizable as follows: columnar covered by very fine silica silcretes, 

well-crystallized, relatively poorly crystallized, and stacks. These SEM photomicrographs 

demonstrate the variability of kaolinite crystallinity, plus silica overgrowths (mostly silica 

lepispheres). The SEM images show that alunite crystals are hexagonal and 

pseudo-rhombohedral associated with bladed silica crystals, which are intergrown with 

lepispheres. 

Particle-size analyses show that the shallowest drill core sample has the highest 

percentage of clay-size particles. With the exception of alunitic clay, there isa proportional 

relation between kaolinite content percentages and clay-size fraction percentages of 

kaolinitic surface samples. Larger clay-size fractions by weight in some samples indicate 

larger amounts of kaolinite. The alunitic clay sample demonstrates that the silt-sized 

fraction is the chief constituent. 
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There is a proportionallinear relation between compressive strength and increasing 

firing temperature. Kaolin+#3 clay+nepheline syenite+white silica shows the highest 

compressive strength at the lowest firing temperature (3617 psi at 1900 °F) which is higher 

than the required compressive strength (2500 psi for Grade Severe Weathering, 2200 psi for 

Grade Moderate Weathering, and 1250 psi for Grade Negligible Weathering). In addition, 

#3 clay improves plasticity and green strength of brick made from Kline Mountain kaolin. 

The fired brick specimens also demonstrated excellent white color properties. The 

bright whiteness of the fired specimen can give more market flexibility to the local brick 

company to produce various shades of white colored brick from this kaolin by adding from 

15 to 50 %by weight of #3 and/or #1 clay from the Cerro de Cristo Rey deposit, in the ElPaso 

area, with nepheline syenite to the kaolin so that a complete range ofwhite-to-gray brick can 

be produced. This has the additional advantage of lowering the cost of producing white 

brick, because the #3 clay has negligible transportation cost to the firing plant. 

Water absorption is the only physical property determined to be high for the 

specimens. However, all the brick specimens were prepared without using a vacuum which 

can reduce the porosity ina brick body and thus reduce water absorption. Water absorption is 

determined to be lowest in experimental mixtures that contain kaolin+#3 clay+nepheline 

syenite and white silica, which fire at lower temperatures than other mixtures. Thus, this 

mixture appears to be not only favorable for towering the water absorption but also for 

providing highest compressive strength at low temperature. By using these clay mixtures 

followed by extrusion with vacuum, water absorption should be reduced in the fired brick to 
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the required limit and possibly tower than the required limit which is 20 percent for Grade 

SW, 25 percent for Grade MW, and no limit for Grade NW. 

Consequently, these experiments have determined that the experimental brick 

specimens made with the Kline Mountain kaolin have the plasticity, green strength, 

workability and extrudability properties needed for utilization by the brick industry without 

any defects as a result of firing and chemical composition. 

On the average, the available day is calculated to be composed of kaolinite ( 40.67 

%), alunite (16.37 %), silica (37.89 %) and accessories (1.16 %). The amount of clay 

available, for which there are chemical and mineralogical control, is probably 3,158,024 m 

tons. The Net Present Value (NPV) of brick made with Kline Mountain clay at American 

Eagle Brick Company for the next 30 years using the single factor Discounted Cash Flow 

method is $4,132,138. The NPV by the Hoskold method is $3,532,430. The discounted cash 

flow returo on investment (DCFROI) is found to be approximately 48%. On the basis of the 

NPV and DCFROI, exploiting the Kline Mountain day and manufacturing white brick at the 

American Eagle Brick Company plant in El Paso is found to be economically viable under 

the projected conditions. 
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CHAPTER1 
INTRODUCTION 

1.1. Location and Geographic Settfng 

The Kline Mountain kaolin deposit occurs within an advanced argillic alteration 

zone in volcanic and volcaniclastic rocks ofmid-Tertiary age (Patterson and Holmes, 1965; 

Ericsen, 1970; Coney, 1976; Eggleston, 1987; Eggleston and Norman, 1983; and Harrison, 

1986). The deposit Iies within the Black Range, Si erra County, New Mexico. This range has 

the potential to host to a number of kaolin deposits as a consequence of the wide varieties of 

feldspathic volcanic and volcanoclastic rocks present as well as the appropriate hydrother-

mal al teration conditions that once existed. The source rock potential and hydrothermal al-

teration of the KI ine Mountain tuffs therefore is significant in delineating areas likely to con-

tain commercial reserves of kaolin. Clay minerals, such as kaolinite which isa common con-

stituent of altered tuff, are also indicators of the hydrothermal al teration that can accompany 

feldspathic volcanic and volcaniclastic rocks. 

The Kline Mountain kaolin deposit is situated on the northwestem flank of Kline 

Mountain in the Black Range, Sierra County, New Mexico (Figure 1). It is about 170 miles 

northwest of El Paso on New Mexico Highway 59 (NM 59). The elevation of the deposit is 

7670 feet (2338 m) above sea level. There are no electric facilities. The kaolin deposit is 

located within the Gila National Forest (Figure 2). Nearby settlements are Winston and 

Chloride. The prevailing climate in the area is semiarid, and precipitation varies from about 

8 in (20 cm)/yr to more than 20 in (50 cm)/yr. Rainfall occurs predominantly in July and 

August. 

ı 
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Figure 1: Location map of Kline Mountain kaolin deposit 
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Figure 2: Panoramic view of Kline Mountain koalin mine at the sorted materials site. 
Mining activities have locally removed the pervasive forest at this elevation. 
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1.2. History of Mining and Explonıtion 

The deposit, discovered by Dr. F. L. Schneider in 1958, was used experimentally for 

i ts kaolin content in making ceramic tile. Samples from the deposit were examined in some 

detail by DeVıliers and Sallee in 1962 and byChowdhury in 1980. Evaluation foruse of the 

kaolin as paper coater were completed by the private sector. Fine-grained silica ( cristobalite 

or tridymite ?) within the kaolin has been reported as a major drawback for use in the paper 

industry. The who le deposit is estimated to have 200 million tons reserve with (pers. comm., 

P. Roche, August 1991) 38 to 39 % Alıili and a very high Standard Brightness of 94 %. About 

900 tons of kaolin were sol d in 1969 to be usedas o il absorbent by Union Oil. The production 

of kaolin has been by open pit mining methods (Figure 3). After screening crushed kaolin 

ore, it was shipped by trucks to Elephant Butte Lake for use in the Santa Barbara Channel Oil 

Spill (pers. comm., P. Roche, August 1991). American Eagle Brick Company (formerly 

known as El Paso B ri ek Company) has begun to explore the possibility of making white b ri ek 

from KI ine Mountain kaolin so as to increase the production and to meet El Paso 's brick 

needs. 

1.3. Purpose of Investigation 

This dissertation primarily concerns the kaolin deposit and its application as raw 

white brick material. Thus, the objectives of this study were to: 1) identify clay minerals and 

other m inerals within the deposit, 2) identify a genetic model, 3) investigate the kaolin prop­

erties to determine if the material would be more suitable for consideration as a 



Figure 3: Panoramic view of Kline Mountain kaolin mine at the exeavation site. 
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white brick material, and 4) evaluate the mine under todays economic conditions and deter­

mine whether it would be economically viable in terms of ore quality, reserves, mine life, 

investment, the net present value (NPV), and the discounted cash flow returo on investment 

(DCFROI). 

1.4. Methods of Investlgatlon 

Detailed geologic mapping of the study area was completed during the summer of 

1992, as seen in Plates ı and 2. Measurements, descriptions, and samplings of the drill core 

(Figures ı6 through 20), whose exact locality is unk:nown, and throughout the advanced ar­

gillic al teration zone that contains the clay deposit, provided the primary data base for many 

aspects of this study. 

X -ray diffraction (XRD), with both random and oriented mounts, and scanning elec­

tron microscopy (SEM) were used to identify clays and other alteration minerals within the 

deposit The former analysis was done both at the Materials Department of New Mexico 

Tech and at the Department ofMetallurgy of the University ofTexas at ElPaso (UTEP). The 

latter was done at the Department of Metallurgy of the University of Texas at El Paso. 

Twenty four samples, seven of which w ere drill core chips, were selected for bul k 

major-etement analysis (Tables ı and 2). The analysis were done at the New Mexico Bureau 

of Mines and Mineral Resources by X -ray fluorescence methods under the supervision of 

Christopher G. McKee. On the basis of chemical analyses, semiquantitative mineral com­

position percentages were calculated, as explained in Appendix 1. 



CHAPTER2 
GEOLOGY 

The Kline Mountain kaolin deposit is located in part of the complex Black Range 

uplift which lies on the eastem margin of the Mogollon Plateau volcano-tectonic province 

(Figures 4 and 5). Locally, it occurs ina structurally simple b lock bounded on the west by the 

Glenwood graben and on the east by the Winston graben, both of which are related to the 

Basin and Range Province and Rio Grande rift. The Mogollon Plateau, mid-Tertiary volca-

nic field consisting of intermediate to felsic volcanic rocks and volcaniclastic sedimentary 

rocks, underwent minor subsidence from about 33 Ma to 21 Ma BP and has interacted with 

the extensional tectonism as an essentially coherent block. The Mogollon Plateau was de-

pressed, covered with Gila group volcano-sedimentary rocks, later uplifted, as presently ex-

posed (Eggleston and N orman, 1983). The distribution of the lava and the location of some 

of the calderas are shown in Figures 4 and 5. 

2.1. Previous Studies 

Many investigations have centered on the Black Range occurrences of tin, perlite, 

topaz, copper, lead, zinc, gold, and silver, but only a few studies have dealt with the clay de-

posits of the ran ge. Patterson and Holmes (1965) stated that the highly crystalline kaolinite, 

which occurs in hydrothermally altered tuffs and othervolcanic rocks, has been tested foruse 

in making ceramic tileandas coating for paper products. Ericsen et al. (1970) reported that 

tests indicate the kaolin was an intermediate to heavy-duty refractory material. Coney 

(1976) defıned the kaolin deposit as part of the heavy al teration and high silicification of the 

7 
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basal and upper tuffs, mineralized by gasses and tin-bearing fluids associated with ascent of 

the younger tin-bearing Taylor Creek Rhyolite through the tuffs. 

Ona regional scale, Elston et al. (1976) postulated that the Mogollon-Datil volcanic 

field of southwestem New Mexico consisted of three overlapping volcanic rock suites, one 

of which is high-silica alkali rhyolite hosting the kaolin deposit. They stated that the high­

silica alkali rhyolite is the volcanic equivalent of an underlying granitic pluton and was 

formedasa result of partial melting of upper mantle and/or tower crust. According to them, 

the alkali rhyolite suite consists of ash-flow tuff, ring fracture and moat deposits of large 

central volcanoes, and enormous masses of flow-banded rhyolite. Moreover, they stated 

that the high-alkali rhyolite suite is nearly confined to the Mogollon Plateau, unlike the other 

two volcanic suites. 

Eggleston and Norman (1983) reported that the tuff ofKiine Mountain isa sequence 

of interbedded ash-flow and air-fall tuffs and volcanosedimentary rocks that were altered by 

the Kline Mountain intrusion. They indicated an advanced argillic al teration zone near the 

contact with the intrusive and an argillic al teration zone further from the contact, where ka­

olin is deposited. On the basis of the close association of the altered mineral assemblages and 

the ir genetic relation to the northem end of the KI ine Mountain rhyolite porphyry, Eggleston 

and Nonnan (1983) have reported normal zoning of alteration. According to the authors, 

zoning of the al teration around this part of the intrusion is not complex. On the basis of the 

close association of the altered mineral assemblages and their genetic relation to the northem 

end of the Kline Mountain rhyolite porphyry, they have reported normal progression of alter-
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ation, intense near the intrusive and gradually decreasing away from the core toward nortlı. 

Moreover, they stated a genetic relation between the tuff ofiOine Mountain and the rhyolite 

of Dolan Peak (Figure 5), based on similar vitric clast content in the upper few meters of the 

tuff of KI ine Mountain and overlying rhyolite of Dolan Peat, which is outside the map area. 

They defined two periods of al teration and mineralization in the Taylor Creek region (Figure 

5), the older period of which is associated with the Taylor Creek Rhyolite and consists of 

argillic al teration and hematite-Cassiterite veining, and the younger period is associated with 

the Kline Mountain Rhyolite porphyry and consists of argillic, advanced argillic, and quartz­

sericite-pyrite alteration. They estimated the age of the al teration at post 23.5 Ma or much 

younger. 

Elston (1984) concluded that hydrothermal activity in southwestem New Mexico is 

generally in the ring-fracture zone of the cauldrons (Figure 4) which may have been the 

ground preparation for later mineralization. He postulated that the ring-fracture volcanism 

in the region acted as a safety valve by carrying vapor pressured magma through fractures 

and diluting it by convecting meteoric water, resulting in al teration and mineralization dur­

ing the hydrothermal activity stage. Harrison (1986) deseribed the epithermal vein deposits 

in the Chloride district and concluded that al teration occurred in the district because of hy­

drothermal convective cells generated by intrusion of rhyolitic domes, which is believed to 

be ina ring fracture of a cauldron (Elston, 1984). 
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2.2. Geology of the Kllne Mountain Kaolin Deposit Area 

The geological maps of the Kline Mountain kaolin deposit area (Plate 1 and Plate 2) 

were completed by the author (after Egglesto~ 1987) during the summer of 1992. Plate ı 

covers an area of about 15.5 kın2 and the mapping scale is ı:ıo,ooo. Plate 2 shows detailed 

geological mapping of mine sites and covers an area (as shown in Plate 1) of about 0.41 Ian2 

ata map scale of ı:ı,5oo. Location of the maps is shown in Figures ı, 4, and 5. 

The basic tools used for these surveys were Brunton com pass, pacing, hammer, rod, 

and tape measure. Piclc and shovel were employed for some surface saınple recoveries. 

Ground survey control points ineJude a USGS bench mark, surveyed mine sites, surveyed 

cross cuts of the Continental Divide, NM 59, and topographic features. 

These geological maps are outcrop maps in which geological contacts are controlled 

at three levels. However, intense forest and thick overburden were the two formidable barri­

ers in tracing outcrops and contacts in the field. Advantages of an outcrop map is that the 

distribution of outcrops is controlled exactly, which is helpful for the interpretation ofhydro­

thermal alteratio~ concealed contacts, faults, and folds, as well as geochemical, mineralogi­

cal, and geophysical data. 

Along with the geological maps are two cross sections compiled from the surface 

geological map. Seetion ABC is in a northwest-southeast direction, it cuts through a north­

west-striking fault as well as Kline Mountain Rhyolite porphyry, kaolinized tuff unit, silica 

cap, La Jencia tuff, and an alluvial deposiL Seetion DE is ina east-northeast and west-south-
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west direction, and shows the kaolin mine si tes. These cross sections demonstrate the gross 

relation of stratigraphy, structural features and the extension of the kaolin deposit. 

2.3. Tertiary Stratigraphy 

The stratigraphy in the Kline Mountain clay deposit area consists of mi d-Tertiary 

(mostly Oligocene to Miocene) bimodal volcanic and volcanoclastic deposits that consist of 

basaltic andesite lavas, high-silica rhyolite lavas, and pyroclastic material. Eggleston's 

(1987) nomenclature was the basis for this study (Figure 6). The mid-Tertiary volcanic/vol­

caniclastic sequence is divided, in stratigraphically ascending order, into basaltic andesi te of 

Poverty Creek (Tpc ), tuff of Stiver Canyon (Tse), tuff of Kline Mountain (Tkm ), S ili ca Cap 

(S), La Jencia tuff (Tlj), unoamed pyroclastic deposits (Tt), tuff of Garcia Camp (Tgc), sand­

stone of Inman Ranch (Tir), and rhyolite porphyry of Kline Mountain (Tkmpr). Quatemary 

alluvium and colluvium overlie this mid-Tertiary seetion in the area. Detailed stratigraphic 

description below are based on field mapping and observations, Eggleston (1987), and of 

other investigators work. 

2.3.1. Basaltic Andesite of Poverty Creek (Tpc) 

This is the oldest stratigraphic unit that crops out in the kaolin deposit area. In the 

study area, this unit crops out extensively in the northeast part along the northem flank of 

Kline Mountain (Plate 1). Woodard (1982) reported that the thickness of this unit is between 

60 and 240 m. The author stated a K-Ar date of 28.3 ± 0.6 Ma for the basaltic andesite of 

Poverty Creek. Eggleston (1987) reported mild propylitization in the top flows of the unit 
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on the basis of thin seetion studies. Contrary to Woodard (1982), Eggleston (1987) reported 

a thickness of 40 to 200 m for the unit. 

The basaltic andesite of Poverty Creek contains Java flows with minor intercalated 

volcaniclastic sedimentary rocks, which were probably locally derived (Figure 7). Accord­

ing to Eggleston (1987), the andesi te has a fıne-grained trachytic texture with sparse pheno­

crysts, consisting of clinopyroxene and plagioclase. Plagioclase microlites are reported to be 

the chief minerals of this rock (Woodard, 1982). Accessory minerals were reported to be 

iddingsite, bowlingite, and amphibole (Eggleston, 1987). 

2.3.2. ThtT of Stiver Canyon (Tse) 

The tuff of Stiver Canyon is pink, orange, or white colored, poorly welded, pumiceous 

rhyolitic ash-flow tuff, containing phenocrysts. According to the Woodard (1982), this unit 

unconformably overlies the hasattic andesi te of Poverty Creek and is a crystal-poor to mod­

erately crystal-rich, high-silica rhyolite-ignimbrite named for exposures in Stiver Canyon, 

which is located on the west of Kline Mountain between Kline Mountain and Taylor Creek 

(Figure 5). Eggleston (1987) reported that this unit consists of phenocrysts of sanidine (2% ), 

quartz (1 % ), and biotite (trace) ina vitroclastic groundmass on the north side of Kline Moun­

tain where this unit is exposed İli the study area (Plate 1). The tuff of Stiver Canyon is about 

40 m thick in the area. Eggleston (1987) states that the source of the tuff is unknown. 



Figure 7: Basaltic andesite of Poverty Creek showing alteration in the top flow and 
intercalated volcaniclastic sedimentary debris. 
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2.3.3. The ThtT of Kllne Mountain (Tkm) 

Tuff of Kline Mountain was named by Eggleston (ı987) for the sequence of ash­

flow tuffs that crop out on the northem flank of Kline Mountain in the study area (Piate ı). 

According to Eggleston (ı987), ~he tuff isa high-silica rhyolitic ignimbrite w hi ch contains a 

sequence of nonwelded, thinly bedded, and moderately crystal-rich units. Eggleston (ı987) 

reports numerous ı to 3 m thick flow units that contain as much as 50 % pumice fragments. 

He recognized variable crystal content from flow to flow unit with an average of 12 %. The 

author reports, in decreasing order, sanidine and quartz as the phenocrysts, and plagioclase, 

biotite, zircon, and opaque minerals as the trace constituents. He believed that the tuff of 

Kline Mountain fills a shallow paleovalley with as much as 200 m of thickness and may have 

a genetic relation with the rhyolite of Dolan Peak, which overHes this unit outside the study 

area. 

In the study area (Plate ı), much of the tuff of Kline Mountain has been converted to 

an assemblage of kaolinite-alunite-silica due to the intrusion of the KI ine Mountain Rhyo­

lite Porphyry (Figure 8). This is the unit of commercial interest that was intermittently mined 

for i ts kaolin content where NM 59 crosses the Continental Divide. This lithologic unit is the 

focus of this dissertation. 



Figure 8: Typical exposures of the altered tuff of Kline Mountain in the clay pit 
showing kaolinization. 
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2.3.4. Silica Cap (S) 

Silica caps were mapped as an individual stratigraphic unit in Plates 1 and 2. They 

cover a significantly large portion of the study area. Silica caps are well developed on the 

south of the S trip Mine (Figure 9). They appear to be replacement bodies of the tuff above the 

kaolin deposits. Subhedral to euhedral quartz crystals within the s ili ca cap ( chalcedony) are 

believed to be relict phenocrysts and lead to the interpretation of these units as chalcedonic 

replacements of lavas. The massive replacement type silica consists mostly of chalcedony 

with some opal cr(?) and minor kaolinite in some places. Figure 10 is an SEM image of a 

silica cap displaying quartz crystals and opal cr(?) within the fibrous cryptocrystalline tex­

ture. I ts thickness is a maximum of about 3.5 m on the west of the S trip Mine, indicating the 

degree of silica supersaturation of the fluid. 

Figure 9: Silica cap showing massive chalcedony body. 
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Silica caps display close association with faults in the area indicating that the faults 

were the conductive zones for silica bearing fluids, as evidenced by the altered and silicified 

fault zones in the area. In some places in the kaolin deposit, the silica caps display sinter type 

texture with al teration rims of chalcedony indicating ancient hot-spring related al teration as 

evidenced by hard, dense and spongy porous (in places) textures indicating various flow re­

gimes of ancient hydrothermal fluids (Figure 11). Banded texture in places suggests paleo 

hot-spring fluid conduits where geothermal steam was prevalent. The al teration rims in the 

silica caps are common especially in places that they are associated with fracture zones. This 

silica sinter may have been formed by SiOı precipitating from cooling water supersaturated 

with dissolved SiOı. The sinter appears to be amorphous and hydrous (?); however, fibrous 

cristobalite and hexagonal quartz images in Figure 10 display slow crystallization as postu­

lated in Browne (1992) for silica sinter. Silica sinter in the area is generally white, but in 

some places, grey and brown. 



Figure 10: Scanning electron image of a silica cap, chalcedony. Note fibrous crypto­
crystalline texture containing quartz and opal (?) (Scale bar=2.08 ı.ı.m). 

Figure ll: Siliceous sinter showing al teration rims of chalcedony in the kaolin mine 
indicating ancient hot-spring related alteration. 
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2.3.5. La Jencia TutT (TU) 

Within the study area, the La Jencia Tuff is exposed along the Continental Divide 

north ofNM 59 and west of KI ine Mountain (Plate 1 ). Eggleston (1987) defined this unit asa 

crystal poor, dense Iy welded, foliated, and locally lineated rhyolitic ignimbrite. He reported 

a SiOz content of about 73 % and a mineral assemblage that contains 7 % sanidine and a 

traces of quartz, plagioclase, biotite, zircon, and pyroxene as phenocrysts ina vitroclastic 

groundmass. Eggleston (1987) reported a 28.76 ± 0.15 Ma age of the La Jencia tuff. He 

postulated i ts thickness to be between 20 and 30 m. The tuff is Ii gbt to dark gray in color. 

2.3.6. Unoamed Pyroclastic Deposit (Tt) 

This unit is exposed on the northwest comer of the study area (Plate 1 ). Eggleston 

(1987) defined it as a multiple flow nonwelded crystal-poor, moderately pumice-rich ig­

nimbrite, which consists of massive pyroclastic flow unit (10 m thick) overlain by numerous 

thin pyroclastic flow units. He reported about 5% sanidine anda trace of plagioclase as phe­

nocrysts. The pumice is dark gray to black in a tan to li gbt gray groundmass. He postulated 

up to 30 m thickness for this unit. 

In the study area, the top of the deposit consists of a coarse breccia believed by Egg­

leston (1987) to have been emplaced asa hot pyroclastic flow. The deposit consists ofblocks 

of clasts in a matrix of vesiculated rhyolite Java. The blocks are generally 12 to 27 cm in 

diameter. 
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2.3. 7. ThtT of Garcla Camp (Tgc) 

Within the study area, this unit is exposed on the west flank of KI ine Mountain (Plate 

ı). It is essentially a high-silica rhyolite ignimbrite with abundant pumice fragments. 

Eggleston (ı987) reported about ıo% quartz, 6% sanidine, ı % biotite, anda traces of 

plagioclase, amphibole, zircon, and opaque minerals as phenocrysts in a vitroclastic 

groundmass. He stated that this unit is a cliff former as much as 20 m thick and developed a 

granophyric groundmass texture with overgrowths on quartz and sanidine phenocrysts 

caused by intense vapor-phase crystallization. 

2.3.8. Sandstone of lnman Ranch (Tir) 

In the study area, this unit is the least-well exposed rock. The unit is essentially 

tuffaceous siltstone, sandstone, and conglomerate. On the basis of high-angle crossbedding 

in well-sorted sandstones near the base of the unit, Eggleston (ı987) suggested an aeolin 

deposition. He noted the daminating clasts of the pre-existing lithologies in the region and 

believes that these were the local sources for the sandsıone of Inm an Ran ch. He deseribed the 

unit as distinctive ı to 2 m thick sandstone. According to the author, the unit contains, poorly 

welded ignimbrite exposed near the top of the unit. Eggleston (ı987) reported an age of 

Upper Oligocene to Lower Miocene. 

2.3.9. Kline Mountain Rhyolite Porphyry (Tkmpr) 

The only intrusive exposed in the study area is the rhyolite porphyry of Kline 

Mountain, which caused gently doming of the overlying volcanic rocks. Eggleston (ı987) 

recognized about ı5% phenocrysts consisting of quartz (5 %) and sanidine (10 %) ina 
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granophyric groundmass with biotite and possibly amphiboles as trace constituents that are 

rarely preserved. Near the margin of the intrusive, vertical flowbanding is common. 

The entire intrusive is altered to some degree as evidenced by silicification and argil­

lic alteration. The primary texture of the intrusive is affected and obscured by intense alter­

ation. Thus, the contact of the rhyolite porphyry and surrounding rocksis only approximated 

on Plate 1. Eggleston (1987) noted a common quartz-pyrite stockwork of the intrusive, to 

the southeast of the study area. The al teration associated with this intrusive is deseribed in a 

Iater section. 

Eggleston (1987) reported a conventional K-Ar date of 28.4 ± 1.2 Ma age for the 

rhyolite porphyry of the Kline Mountain. Tiıe author suggests that the Kline Mountain intru­

sive is youngerthan the Taylor Creek Rhyolite, a ring fracture type volcanic unit associated 

with the Gila Cliff Dwellings Caldera (GCD) in the region (Figure 4). 

2.3.10. Quatemary Deposits 

In the study area, these Quatemary deposits consist of alluvium (Qal) in the larger 

active stream channels and colluvium (Qca) on gentle hillslopes and in smail stream chan­

nels, w hi ch are drainage systemş in the study area. The Piedmont slope deposit (Qpg) is ex­

posed to the northwest of the study area and is poorly sorted. All of three deposits contain 

fine to coarse-size volcano-sedimentary materials. 
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2.4. Structures 

The Kline Mountain kaolin deposit is located in the southeastem edge of the Mogol­

lon Plateau volcano-tectonic province (Figures 4 and 5), which is related to the extensional 

environınent of Basin and Range Province and the Rio Grande rift (Isik and Clark, 1992). 

Local faults in the study area could have originated by the intrusion of KI ine Mountain rhyo­

litic domes, which may be part of aset of ring fracture intrusions related possibly to the Gila 

Cliff Dwellings Cauldron to the west (Figures 4 and 5). These faults have probably been 

reactivated by the Basin and Range extension in the past 21 Ma. 

On the basis of geologic mapping and gravity studies, Coney (1976) reported that the 

Mogollon Plateau is bounded on the east by Winston graben and on the west by Glenwood 

graben. He also stated that the rims of the plateau are marked by the Black Range uplift (Fig­

ure 5) on the east and Mogollon uplift on the west, both of which are complex and contains 

economically viable mineral deposits. He determined the gravity highs over the uplifts and 

the gravity lows over the interior plateau were due to the presence of a pluton buried at shal­

low depth beneath the interior plateau. 

A tectonic sketch map of the region surrounding the study area is shown in Figure 4. 

The study area Iies on the west side of the Black Range (Figure 5), which is reported by 

Woodard (1982) and Coney (1976) asa west-dipping homoeline bounded on the east by the 

range-margin-fault of the Wi~ton graben that has dropped relative to the Black Range 

uplift. Faults in the study area display two dominant trends: northwest (Figure 12) and 

northeast (Plate 1 ). They are silicified and altered in zones, as at the Jeep Trial, displaying 
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wide silicified and altered zones (Plate 1 and Figure 13). At the Prospect locality close to the 

intrusive, the fault zone displays about 75 m wide hematite-cassiterite (?) mineralized zone 

(Figure 14). According to Coney (1976), the mineralizations in the altered tuff were oc­

curred by gasses and tin-bearing fluids associated with ascent of the younger tin-bearing 

Taylor Creek rhyolite through the tuffs. 

Figure 12: Normal fault displaying northwest trend. 
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The dominant structural style found in the study area is high-angle normal faulting. 

A fault shows evidence for strike-slip motion along a northwest trend is shown by slicenside 

striations (Figure 13), indicating reactivation of previous trends by a new stress regime, 

possibly due to the intrusion of the rhyolite porphyry of KI ine Mountain. Also, Eggleston 

(1987) stated that the intrusion of the rhyolite porphyry of Kline Mountain possibly changed 

the strikes of faults in the study area from north-south to northeast. 

Figure 13: Normal fault showing silicifıed zone at Jeep Trial. 



Figure 14: Prospect location displaying hematite-cassiterite (?) mineralization 
fracture zone along with fault zone. 
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CHAPTER3 
HYDROTHERMAL ALTERATI ON 

Due to the unstable, reactive nature of many volcanic minerals and glasses, post-de-

positional changes ofvolcanogenic deposits are typically rapid and pronounced. Alterntion 

is the term commonly employed by geologists to deseribe these post-depositional changes in 

hydrothermal environments. 

The factors that can affect the formatian of hydrothermal minerals are classified by 

Browne (1992) as temperature, pressure, type of parent rock. reservoir permeability, fluid 

composition, and d uration of activity. Browne (1992) postulated the types of hydrothermal 

alteration as direct depasition-from solution deposited along with passages such as joints, 

faults, vugs, pores, and fıssures; replacement-permeability dependent interaction for some 

primary minerals, stable or metastable under the new conditions influenced by hydrothermal 

environment; and leaching-dissolving primary minerals without replacing the voids. They 

generally cause chemical changesasa function ofmineralogy whose constituents are added 

and removed from a reservoir. 

Volcanic units in the field have undergone hydrothermal alteration. Alteration is 

most intense near the intrusive contact of the KI ine Mountain rhyolite porphyry and gradual-

ly fades out distally. The altered zone has an elliptical shape that trends roughly northwest. 

The KI ine Mountain rhyolite intrusian is also affected. Four distinct al teration assemblages 

are recognized in the study area (Piate 3). These assemblages are: (1) weak propylitic alter­

ation, (2) argillic al tera tion, (3) advance argiiiic al tera tion, and ( 4) silicifıcation. Alteration 
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of the volcanic units occurs primarily as replacement, that is, a new mineral assemblage takes 

place of the primary minerals. Tiıe distribution of these altcration assemblages in the area is 

discussed in detail below. 

3.1. Weak Propylltlc Alteratlon 

This al teration assemblages is the dominant altcration type in the top of the basaltic 

andesite ofPoverty Creek (Figure 7). Eggleston (1987) reported epidotc, calcitc, and possi­

bly chlorite indicating a propylitic assemblage along fracture surfaces in the basaltic andesi te 

of Poverty Creek. He did not find pervasive propylitic altcration in the region and remarked 

on the rapid decreasing degree of the altcration immediatcly northwest of the area. 

3.2. Argillic Alteratlon 

This altcration assemblage overlap; the advanced argillic assemblage in the study 

area. According to the Eggleston (1987), the argillic assemblage begins about 2 km oorth­

eası of where NM 59, crosses the Continental Divide and increases in intcnsity southward. 

He stated that argillic alteration js charactcrized by a kaolinite-chalcedony assemblage that 

has replaced alkali-feldspars in high-silica rhyolitc ignimbrites such as the tuff of Kline 

Mountain. The author reported that potassic feldspar and sodic plagioclase feldspar is al­

tcred to clay minerals, ferromagnesian minerals are altered to various opaque oxides, manga­

nesc oxides coat fractures, and hematite is disseminated throughout the tuff near the northem 

extremity of the argillic altcration. He noted that with increasing intensity of alteration, the 

groundmass was converted to clay minerals and alkali-feldspars also were locally converted 
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to clay minerals. He postulated that the end stage of argillic alteration is marked by conver­

sion of the groundmass of the tuffs to clay minerals, conversion of all alkali-feldspars to clay 

minerals, and depesition of veinlets of chalcedonic quartz in the tuffhost rock. According to 

him, the transition from argillic to advanced argillic al teration occurs an a zone about 1 km 

wide and is characterized by the first occurrence of alunite. 

3.3. A~vanced Argilllc Alteratlon 

This al teration zone contains commercial kaolin deposits which have been explored 

intermittently. Advance argillic alteration, characterized by kaolinite-alunite-silica (chal­

cedony, tridymite, and quartz) mineral assemblage, is widespread in the study area (Figure 2 

and Plate 3). This pervasive alteration in the area developed in situ and is related to hydro­

thermal regimes developed concurrent with or subsequent to the intrusion of the rhyolite por­

phyry of Kline Mountain, which has also undergone the same alteration to some degree. 

Kaolinite and alunite are the most diagnostic indicators of advance argillic alteration, 

both of which are the characteristic minerals in the advanced argillic alteration assemblage. 

On the basis of calculated mineral composition (Tab le 3), kaolinite is the dominant cl ay min­

eral in the northem part of this alteration zone where the abandoned mines are, w hile alunite 

is the dominant mineral to the south near the contact of the intrusive. The alunite dominant 

mineral assemblage around the intrusive contains hematite-cassiterite (?) mineralization 

(Figures 14 and 15). 

On the basis of representative drill core fragments (RS-1 through VII) fumished by 

G. S. Austin, New Mexico Bureau of Mines and Mineral Resources, the depth of kaoliniza-
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tion zone is 48 m. Figures 16 through 20 depict the character of this drill core with respect to 

kaolinization depth and physically different levels. According to the map by Mr. P. Roche, 

the owner of part of the claims and agent for the others, the location of this drill core is esti­

mated to be between the two mines in the study area, as seenin Figure 21. The description of 

drill core logs shown in Figure 21 have been reported to be lost. Between O and 48 m the tuff 

is completely altered to kaolinite-alunite-silica mineral assemblage with a characteristic 

white color and softness. However, drill core fragments display a relatively fresh breccia 

type texture below 48 m, indicaling the end of the commercially viable kaolin deposit at this 

location. This observation is supported by XRD graph (Figure 26 through 32), chemical 

analyses (Tab le 1 ), and calculated mineral compositions (Tab le 3) of the drill core samples. 



Figure 15: Hematite-cassiterite(?) mineralization within the alunitization dominant ad­
vanced argillic alteration close to (approximately 0.9 km or 0.56 miles) the Kline 
Mountain intrusive. 
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ı:r See Fig. 17 For Details 

117 See Fig. 18 For Details 

u See Fig. 19 For Details 

Figure 16: Schematic d.rill oore showing depth, core fragments, samples locations, 
kaolinization depth, at different levels. 
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The vertical lengths of the drill core fragments in 
this interval are between 3.5 and 10.6 cm. On the 
basis of these core fragments, this part of the tuff 
is completely altered; kaolinite being the most 
common mineral. The fragments of the core are as 
soft as chalk and are white with light yellowish 
stains. The hardness of the drill core fragments in­
creases relatively with depth. However, all the 
core sanıpfes can be scratched easily with a 
fingemail. Kaolinite and disseminated quartz are 
the only two minerals that can be identified easily 
by the unaided eye. The quartz crystals range in 
size from 1.5 mm and smaller. 

Figure 17: Schematic drill core and i ts desaiption showing the physical properties of the 

interval surface to 58 ft (17.7 m) depth. 
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Color of the core fragnıents is whitish pink 
with pumice imbedded in the matrix. All the 
core fragments are highly altered and in some 
places the volcanic fragments have been 
Ieached out, as evidenced by the voids (1. 7 cm 
and smaller) in the core samples. The core 
fragments are soft and can be scratched with a 
fingemail. Pumice fragnıents, kaolinite, and 
disseminated quartz are the only minerals that 
can be seen by the unaided eye. 

Figure 18: Schematic drill core and i ts description showing the physical properties of 
the interval from 58 ft (17.7 m) to 86 ft (26.2 m) depth. 
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This part of the drill core fragments displays 
about the same physical properties as the interval of 
0-58 ft. However, relatively course grains ofquartz 
are the only physical difference. These grains are 
mostly smaiier than ı mm in size but some of them 
are between 2 and 4 mm in size. In some places, 
pinkish color seems to be the physical appearance 
of alunite content. Toward the bottom of these core 
fragments, there are very fine disseminated brown 
volcanic fragments (in the size of ı mm to ı o mm) 
within the matrix, which could be hematite. The 
core fragments can be scratched with a fingemail. 

Figure 19: Schematic drill core and i ts description showing the physical properties of the 
interval from 86 ft (26.2 m) to 134 ft (40.8 m) depth. 
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This is the deepest interval of the kaolinization. 
Thus, the fragments are completely altered to kao­
linite with the exception of some brownish pumi­
ceous fragments, which carey possible hemalitic 
stains. Kaolinite, quartz crystals, and pumice frag­
ments (between S mm and 12 mm in size) can be 
identified with the unaided eye. The core frag­
ments are relatively hard and can scarcely be 
scratched with a fingemail. 

This interval of the drill core fragments has 
breccia type texture which carries reddish silici­

fied fragments that are relatively least altered. 
However, the matrix contains kaolinite in some 
places. At the bottom of this interval, three core 
fragments are relatively fresh from their altcration 
points of view, as evidenced by a hexagonal quartz 
crystal which is located in next to the other silica 
carrying alteration rim. Most silica fragments 
( quartz ?) are opaque, but some look transparent. 
The size of the fragments ranges from 2 mm to 41 
mm. 

Figure 20: Schematic drill cores and tbeir desaiptions showing the physical properties 
of the interval from 134 ft ( 40.8 m) to 183 Ct (55.8 m) depth. 
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Figure 21: Claim map showing drill core locations. Depicted from the map furnished by 

Mr. P. Roche. Further detail of this area can be found in Appendix 3. 
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In this part of the alteration, the rhyolitic tuff of Kline Mountain has suffered 

complete al teration of the original minerals and textures. Eggleston (1987) believed that this 

may be related to as yet unrecognized faults. The shallow intrusive could be another 

explanation to the high intensity of the hydrothermal alteration (Plate 3). The resulting 

al teration mineral assemblages may best be described, from north to south, asa kaolinization 

zone with alunite to alunitization zone with kaolinite. Near NM 59, no pure kaolinite is 

observed, as postulated by Eggleston (1987). 

In the advanced argillic alteration assemblage adjacent to the Kline Mountain 

intrusive, alunite inevitably contaminates the kaolin deposit, as shown by XRD graphs (Fig­

ures 48 and 49) and calculated mineral compositions (Tab le 3). Based on the calculated aver­

age mineral composition within the 48 m kaolinization zone of the drill core (Figure 16 and 

Tab le 27), kaolinite and alunite proportions increase with depth; on the other hand, the silica 

proportion decreases with depth, indicating possible proximity and/or shallow depth of the 

Kline Mountain Rhyolite Porphyry that may have caused these changes. 

3.4. Silicitication 

Silicification is considerable in the study area, and is primarily restricted to three lo-

calities within the tuff of KI ine Mountain and KI ine Mountain Rhyolite Porphyry. They are 

(Plates 1, 2 and 3): (1) silicified tuffs at the top of the Kline Mountain tuff, (2) chalcedonic 

quartz within the kaolin deposit, and (3) widespread silicification at the top of the rhyolite 

porphyry of Kline Mountain. In the study area, silicification mainly occurs as fine-grained 

replacement of groundmass and matrix (Figures lO and 11), as evidenced by relict quartz 
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phenocrysts within the silicification zones. The hydrothermal al teration may have occurred 

w hile the intrusive was cooling, possibly due to fumarolic processes. Condensation of fuma-

role gasses may provide both acids to attack: the rhyolite and produce clay minerals as well as 

silica for replacement of the volcanic la vas and tuffs. The most silicified rocks in the area are 

white to light gray. 

As stated above, the silica proportion decreases with depth at least in the one core 

studied indicaling possible proximity to the rhyolite porphyry of KI ine Mountain. However, 

silica may have been also supplied by the kaolinization of feldspars as shown on the follow-

ing equation: 

2KAISi30s + 2H+ + H20 =;. 2K+ + AI2Si20 5(0H)4 + 4Si02 

(Orthoclase or sanidine) (Kaolinite) (Silica) 

This kaolinization remnant silica are believed to have accompanied silicification either in the 

silica cap (Figure 10) or as chalcedonic relicts within the kaolin deposit (Figure ll) or both. 

The hydrothermal activity was responsible for the silicification as well as kaoliniza-

tion in the study area. It lasted intermittently for a long period of time, probably millions of 

years. Thus, it appears that silicification in the study area was formed as a result of precipita-

tion from cooling waters supersaturated with dissolved SiOz, as evidenced by colloform and 

botryoidal habits of chalcedonic silica in the SEM images (Figure 10 and 79), and also as a 

result of a strong acidic environment that altered volcanic units (pumice and rhyolite) to 

kaolinile and alunite by liberaling SiOı, as seen in the above equation. 
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Some of the silicified unit (sinters) readily break down into fragments when the 

deposits become desiccated due to shifting hydrothermal activity and exposure to weather­

ing. Depending on the weathering environment, the fragments may remain in place, or more 

commonly may be transported locally by wind or water, and occasionally become cemented 

by later hot-spring activity. A great amount of chalcedonic nodules and fragments are dis­

tributed to the north of the Strip Mine locatio n (Figure ll) and are believed to be eroded s ili ca 

fragments possibly from the top of the silica cap. As seen in Figure ll, these chalcedonic 

nodules and fragments developed a spongy porous texture indicaling a possible ancient hot­

spring vent, which implies paleo-hot spring fluid conduits. 

Post depositional weathering may have affected the hydrothermal m inerals in the de­

posit to so me extent. However, the w ide extent of the silica cap on the top of the deposit may 

have protected the deposit against the effects of post depositional weathering, s ince it is hi gb­

Iy resisıant to both chemical and physical erosion, as postulated by Browne (1992). 



CHAPTER4 
CLAY MINERALS 

Clays have been very im portant materials to the development of mank:ind since the 

beginning of recorded history. From the beginning, clays were used as raw materials for 

making pottery and construction material. Also, research into clays is İmding new applica­

tions in devetoping industries. Today, the uses of clay are expanding. New applications are 

being used for clay in the storage of hazardous waste and aerospace industry. Even after 

thousands of years of technological advancement, mankind stili relies upon clays. 

Because aspects of clay mineralogy studies show differences with respect to disci-

plines, the definition of clay is sornewhata discipline dependent issue. Thus, clay stili does 

not have a general defınition. In geology, clay can be extremely fine ( <2 JA.m) particle-size 

material or it can refer to one or mo re of the cl ay minerals. A ci vii engineer would interpret a 

clay asa material that has plasticity, white amaterials engineer would define a clay as a mate-

rial that hardens upon firing. One commonly referred to definition of clay is: "In general the 

term clay implies a natural, earthy, fine-grained material which develops plasticity when 

mixed with a limited amount of water" (Grim, 1968). 

Clay minerals are the most abundant mineralsat the surface of the earth. They usual-

Iy do not occur as monomineralic deposits, but there are usually several kinds in any sample. 

When formed in place they represent a response to the geochemical and physical conditions 

under which they formed or altered. Clay minerals generally form within the five types of 

geological environment: weathering, sedimentation, burial, diagenetic, and hydrothermal 
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al teration (Ve lde, 1985). Of these, hydrotherınal al teration is the most complicated and vari­

able of the environments, often accompanied in nature by other mineral deposition. 

The properties of clay minerals are directly or indirectly related to the ir unique min­

eraiogicai, chemical, and physical characteristics such as cation exchange capacity, interac­

tion with water, interaction with organic compounds, plasticity, thixotropy (the tendeney of a 

slip to gel on standing and become fluid when agitated), consolidation, emulsion, ete. 

(Moore and Reynolds, 1989). It is these properties that mak:e them versatile materials for 

industry. Many of the properties of clays are dependent on the nature and amounts ofvarious 

m inerals in them, so that their identification and determination are of very great im portance 

(Grimshaw, 1971). 

Practical applications and understanding of clay minerals are vitai in agriculture, en­

gineering, and industry. In agriculture, the so il productivity is often a function of the kind 

and amount of clay minerals present, namely, cation exchange capacity which influences the 

nutrients exchanged or e:xtracted from clay minerals. However, in engineering the study of 

the properties present in clay minerals is very important because without this information 

engineers can not predict how the materiai will perforın. Roads, foundations, tunnels, and 

other structures have been built in many large cities which are built on expandable clay min­

erals. Presumably, information on clay mineralogy for engineers is vitai to the reliability of 

construction projects. According to researchers, a growing engineering, industry, and soci­

etai concem is the isolation of radioactive wastes; commercial, medical, industrial, academ­

ic, and military procedures increasingly generate nuclear critical waste. Clay minerals are 
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highly significant in critical radioactive waste disposal for isotating and retaining because of 

their desirable high sorptivity, long-term structural stability, and very low permeability. 

Clay and clay minerals are most widely used by industry in several ways, as principal 

raw materi al in ceramics and cement, as clarifiers in alcoholic beverages and cooking o il pro­

duction, and as fillers in paper, pharmaceuticals, rubber, plastic, ete. 

aay minerals are classified fundamentally on the basis of the type oflayer (ı:ı and 

2: ı), la yer charge, the cation content of octahedral sheet ( dioctahedral or trioctahedral), and 

the type of interlayer material (Es linger and Pevear, ı988). Most clay minerals are mica-like 

phyllosilicates, and have a crystal structure made up of sheeted tetrahedral and octahedral 

layers (Figures 22 and 23) which contain strong covalent bonds between ions within each 

sheet, and among sheets but weak bonding between adjacent two or three sheet layers. This 

crystal structure isa very stable one and accounts for the high relative abundance of clays and 

clay minerals. The weak bonding between layers permit good cleavage in clay minerals, and 

also allows cl ay m inerals to adsorb metallic cations and organic substances on their surfaces. 

As seen in Figure 22 and 23, the tetrahedral sheet consists of comer-linked tetrahedra 

with the dominant cation Si4+, less commonly AJ3+, and rarely Fe3+. The octahedral sheet is 

composed of edge-linked octahedra, each of which consists of oxygen and hydroxide ions 

around AJ3+, Mg2+, Fe2+, and Fe3+ cations. When aluminum cations are in the centers of the 

octahedra, only two-thirds of the octahedral centers are filled ( dioctahedral or gibbsite-like, 

cation-to-anion ratio in the sheet is ı :3). When magnesium cations are in the centers, all the 

octahedra centers are filled (trioctahedral or brucite-like, the cation-to-anion ratio is ı:2). 
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Figure 22: Diagrammatic sketch of kaolinite structure as an example of 1:1 layer type 
(Grim, 1968). 
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Figure 23: Diagrammatic sketcb of montmorillonite structure as an example of 2:1 la yer 
type (Grim, 1968). 
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Tetrahedral coordination can accommodate only the smaller cations whereas octahedral 

coordination accommodates the larger cations (Moore and Reynolds, ı989). 

The simplest phyllosilicate clay mineral structure combines a single aluminum octa­

hedral sheet anda single silica tetrahedral sheet to form a ı:ı layer (Figure 22). Another 

major layer type consists of two tetrahedral and one octahedral sheets which together form 

the 2:ı layer (Figure 23). The threelayercan be either dioctahedral or trioctahedral. 

Individual ı: ı or 2:ı layers ( neglecting broken bondson the edges) can be either neu­

tral or bear a negative charge, balanced by the cations between the layers in the interlayer 

space. The layer charge is controlled by the substitution of cations in both sheets (Moore and 

Reynolds, ı989). 

4.1. Kaollnite Group Minerals 

Deposits of kaolin-contiining clay are formed by geological processes that ranges 

widely in variety and complexity. Kaolinite, the chief constituent of kaolin, is always a sec­

ondary mineral formed by weathering or hydrothermal al teration of alumin um silicates, par­

ticularly feldspar. The mineralogical and chemical composition of the kaolin depends on the 

nature of the parent rock and the type and degree of alteration. 

The mineral of this group consists ı: ılayer type lattice consisting of a tetrahedra lay­

er linked to an octahedral layer (Figure 22). There is no ionic substitution in the kaolins and 

the unit does not expand with varying water content. The general formula for this group is 

AlıSiıOs(OH)4. The kaolinite group of m inerals are kaolinite, dickite, nacrite, 7 A o -halloy­

site, and ı o A o -halloysite that hasalayer of water about 2.9 A o thick between the 7 A o -lay-
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ers, giving a 10 A o -spacing. The water can easily be driven off at 60 CO (Moore and Re­

ynolds, 1989). 

Kaolin is an important industrial raw material in world trade averaging $ 1.9 billion 

market value in 1987 (Roy Woodal, 1991, written communication). Historically, kaolin was 

first used in ceramics and this is perhaps stili the best known application, although the total 

tonnage sold for this use is smail compared with that marketed for paper, paint, and rubber 

manufacturing. Ballclays, fireclays, flintclays, and underclays, that are kaolinitic sedimen­

tary clays with special characteristics, are the commercial clay names used primarily in ce­

ramic and refractory industries (Moore and Reynolds, 1989). The Iargest user of kaolin by 

far with special specifications is the paper industry where it is utilized asa filler in the paper 

sheet andasa coating on the surface. Other im portant clay groups are illite, smectite, mixed 

la yer, chlorite, vermiculate, and sepiolite-polygorskite. 

4.2. Silica 

Silica (SiOı), tridymite, and cristobalite, are the primary non-phyllosilicate fine 

grain ( clay size) minerals in hydrothermal cl ay deposits. Hydrothermal kaolin deposits are 

almost invariably accompanied by one or more of the silica m inerals as formed by silica sint­

er and/or silica residue which commonly contains quartz, cristobalite, and tridymite. 

Other constituents associated with kaolinite in the deposit are alunite and accessory 

minerals. Hematite and cassiteri te(?) occur dominantly within the alunitic zone of the alter­

ation, close to the Kline Mountain intrusion. 
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4.3. Alunite 

Alunite is represented by the formula KAh(OH)6(S04)2. It is a secondary mineral 

formedunder high Eh, low pH ( <3) conditions (Long et al., 1992). It is often associated with 

acid-mine drainage, weathering of sulfide ore deposits, hydrothermal alteration, oxidation 

of pyrite, or weathering in acidic soils. Alunite forms during both hypogene and supergene 

processes (in the zone of acid-sulfate hydrothermal alteration). In low-temperature envi­

ronments the formation of alunite has also been related to microbial oxidation of iron and 

sulfur (Long et al., 1992). These investigators postulated that the principal mechanism for 

the formation of alunite is thought to be by dissolution/re-precipitation reactions involving 

pyrite and aluminosilicates. In some cases, alunite precipitates after local migration (on the 

order of 1 m) of the constituents (i.e. K, Al, Fe, S04). According to the authors, long distance 

migration of the constituents prior to their precipitation as alunite has not been previously 

documented. 

Alunite is frequently found in kaolin deposits together with kaolinite, silica sileretes 

and other minerals. This kaolinite-alunite close assodation was thought by King (1953) on 

the basis of chemical, petrographic, and X -ray data to indicate that kaolinite is an intermedi­

ate stage inderivation of alunite from feldspars. On the other hand, Meyer and Reis (1983) 

postulated alunite precipitation within silerete as an impermeability and acid environment 

related forınation. 



CHAPTERS 
MINERALOGICAL ANALYSIS 

A precondition for the success of any research connected with clay minerals is the 

correct identification of the clay mineral( s) present in the sample studied. Among the many 

instrumental methods X -ray diffraction (XRD), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM), infrared spectroscopy, chemical methods, and 

differential thermal analysis (DTA) are used primarily for identifying and analyzing clay 

minerals. Of these, the X -ray diffraction method is principal identification method that has 

been used in making the greatest strides toward an understaoding of the crystallographic 

mineralogy of clay minerals. Thus, it is of paramount importance for studying kaolin by 

XRD to identify and interpret its crystal structure (Keller, 1978). 

The purpose of this mineralogy study is to examine the occurrence and distribution of 

kaolinite, together with other alteration mineral assemblages in the deposit, and to analyze 

the composition of the kaolin deposit. The result of this study will also assist in the calculated 

semiquantitative mineral composition and material application for making white brick. Al-

together, they will be used to constrain the alteration mineral paragenesis as well as the 

geochemical conditions of mineralization. 

5.1. Sampllng Procedure 

This study has utilized drill core fragments as shown in Figure 16, which were pro-

vided by G. S. Austin. Surface sampling was conducted during the time of the geological 

field mapping in the summer of 1992. Three sampling techniques were employed: (1) sur-

51 



52 

face samples (about ı kg each) were collected at intervals along an approximately north to 

south direction to observe mineralogical composition changes with respect to the intrusive 

body, (2) detail surface sampling in and around the two abandoned open pit si tes close to NM 

59 (Plate 2), and (3) about 200 kg representative samples from each abandoned open pit (SM 

200-from the open pit and CS 200-from the prospect on the Continental Divide ). These 

sanıptes were secured to run experimental analyses in addition to XRD, SEM, particle size, 

and bulk chemical analyses. Plates ı and 2 show the sample locations utilized in this study, 

with the exception of the exact drill core location which is estimated to be between the two 

pits in the study area as shown in Figure 21. 

5.2. Methods of Investigation 

Whole-rock major elem~nt chemical analyses of the samples were done by X-ray 

fluorescence method (XRF) at New Mexico Bureau ofMines and Mineral Resources under 

the supervision of Christopher G. McKee. The semiquantitative mineral compositions were 

calculated on the basis of the chemical analyses, as explained in Appendix 1. 

A total of seven drill core samples and eighteen surface samples were examined by 

XRD analysis for bulk and clay-size mineral identification, random and oriented mounted, 

at the Department of Metallurgy of New Mexico Tech and the Department of Metallurgy at 

UTEP. Powdered whole-rock samples ( -ıoo mesh in size) were scanned from 5° to 65° 28, 

using Cu Koc radiation and a Norelco diffractometer with scanning speed of 2° 28/min. Ori­

ented, <2 ıım-size fractions of these samples were sedimented on glass slides as outlined in 

Appendix 2. Half of the samples were the n examined us ing a Norelco diffractometer at New 
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Mexico Tech with Cu Kot radiation at 40 k V and 40 mA The other half of the samples were 

examined using a Scintag Ine., USA-XDS 200 XRD unit at the Department ofMetallurgy at 

UTEP with Cu K.x radiation at 40 k V and 25 mA They werescanned from 5° to 35° 28, using 

a vertical goniometer, and graphite crystal monochromator. 

Several techniques can be used to prepare specimens for SEM viewing. In this study, 

the sample preparation procedure was to break off with a smail hammer, a fragment of the 

specimen so as to expose a clean, natural, freshly fractured surface. lt is simply the same 

process as is used to break the rock from the outcrop. After fracturing and blowing away any 

dust, the surface was coated witiı a very thin conducting layer of gold to carry away excess 

charge from the electron beam. By this procedure, the natural break is preserved without 

introduction of an artifact by grinding, polishing, chemical etching or other processing. 

Texture of a rock or mineral is one property coınmonly used to identify the material 

and/or to estimate its quality for industrial utilization. To observe the texture of clays re­

quires high magnification, commonly l,OOOX to lO,OOOX (even though higher or Iower 

magnifications also may be used). Thus, SEM magnification was employed for the visual 

observation of clay texture of different samples as well as single crystals or particles. The 

qualitative energy-dispersive X -ray analysis (EDS) of the SEM was used to identify some 

crystal and partides by their ato~ic and weight percent ratios and was completed by a dual 

stage scanning electron microscope, ISI-DS130, at the Department ofMetallurgy at UTEP 

under the supervision of Dennis Joseph Manuel, SEM technician. 
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5.3. Results 

5.3.1. Chemical Analysis 

Tables 1 and 2 show the bulk chemical major element analyses of the drill core and 

outcrop samples, respectively. Minor to major chemical differences and conceivably miner­

alogical differences are seen in the samples from the tuff of Kline Mountain, depending on 

the locality from which the sample was collected with respect to the rhyolitic intrusion as 

well as depth in the drill core samples. In the kaolinide clay, SiOı shows an inverse retatİon­

ship with AlzÜJ in both Tabi es. In the alunitic samples (Tkm 18 and 20), SiOı has the lowest 

percentage, while AlzÜJ and losson ignition (LO I) are in the highest percentages. In these 

samples KıO is the highest. Alunite content can be easily seen by high KıO, LOI and low 

SiOı percentages. Also, the ratio KzO+LOI:SiOı is very low in the kaolin clays (i.e. RS-11 

and Tion 8) and is high in the alunite samples (Tion 18 and 20). 

Based on the chemical analyses, the mineral compositions of each saınple were cal­

culated (Tab le 3) as explained in Appendix 1. The detected mineral percentages are coinci­

dent with XRD data. M inerals are calculated under four categories: kaolinite, alunite, silica, 

and accessory minerals. Silica should be taken account of as quartz, tridymite, opal, and 

cristobalite. The amount of each mineral is reported as a weight percentage. 

As seenin Table 3 and Figure 24, variations in the proportions ofminerals was found 

with respect to depth of the drill core. Within the kaolinization zone, the kaolinite proportion 

is between 30.97 % and 58.20 %. However, this percentage dro~ drastically down to 5.27 

%, with an 72.63 % of silica in the breccia zone (Sample RS-VII), indicaling the limit of 
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economically viable kaolin deposits at 158 ft ( 48 m) depth. The kaolinization zone of 

the drill core samples and two representative 200 kg pit samples (SM 200 and es 

200) have about the same mineral distribution in surface samples (Thble 4 and 5), sug-

gesting that the drill core location is between these two pits as previously stated. 

Da b le 1: Oıemical analysis of the drill core sanıples of the tuff of Kline Mountain ı (see Figure 
21 for estimaıed location). 

65.43 47.65 69.29 47.32 54.73 74.69 

17.90 24.66 25.72 17.26 25.08 24.22 8.29 

0.02 0.00 0.00 0.04 0.30 0.23 1.44 

0.04 0.03 0.03 0.03 0.03 0.04 0.04 

0.20 0.13 0.04 0.09 0.44 0.28 0.00 

0.11 0.15 0.08 0.18 0.11 0.12 0.02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1.69 0.35 3.61 1.25 3.69 2.54 1.91 

0.15 0.10 0.21 0.22 0.17 0.14 0.29 

0.11 0.16 0.10 0.09 0.10 0.09 0.08 

22.20 12.22 21.52 17.87 

ı The cheınical analyses ia Table 1 and 2 were perfonned by XRF method at New Mexico Bureau of 
Minea and Mineral Resources, Socorro, New Mexico, on March ll, 1993, (File: SYO:LAB93B.MJD 
and Generator Settings: 35 k V and 75 mA). 



Table 2: Oıemical analysis of the outcrop samples of the tuff of Kline Mountain (see Plate 1 and 2 for locations). 

ı 62.55 93.92 68.68 41.26 69.99 

15.13 ı 17.91 0.57 19.93 22.65 14.29 17.82 21.77 18.42 16.22 11.70 17.92 

0.04 ı 0.17 0.03 0.02 0.00 0.33 1.23 0.04 0.10 0.04 1.11 0.63 

0.04 ı 0.04 0.05 0.04 0.04 0.04 0.06 0.04 0.03 0.05 0.05 0.05 

0.19 ı 0.07 0.03 1.19 0.02 0.00 0.07 0.00 0.00 0.50 0.10 0.03 

0.09 ı 0.11 0.10 0.20 0.03 0.11 0.11 0.09 0.06 0.09 0.08 0.12 

0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1.43 1.50 0.11 0.76 6.03 2.22 0.32 2.98 5.23 0.11 0.11 0.09 

0.14 ı 0.18 0.32 0.14 0.07 0.22 0.37 0.22 0.16 0.21 0.19 0.24 

0.08 ı 0.11 0.08 0.16 0.09 0.07 0.09 0.10 0.08 0.07 0.05 0.07 

15.75 4.87 11.37 27.83 15.32 11.86 18.77 27.16 10.43 
.. 

. ··,{,· .... _!:. ~-·· .. :: ... ·: ~ = .. ·o~: ·. :·.: 
Vl 
0\ 
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'nlble 2: (contbıued) 

69.00 32.54 

11.73 9.70 13.09 29.27 24.83 

0.00 0.00 0.05 0.82 0.09 

0.04 0.04 0.04 0.02 0.03 

0.14 0.02 0.22 0.11 0.02 

0.11 0.08 0.04 0.04 0.02 

0.00 0.00 0.37 0.09 0.00 

1.26· 3.08 3.85 7.73 6.97 

0.12 0.36 0.11 1.24 0.21 

0.06 0.06 0.06 0.17 0.11 
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Table 3: Calaılated mineral composition of the saınples (see Appendix ı for calaılation meth-
od). 

SAMPLE KAOLINITE ALUNITE SILICA1 ACCF..SSORIES TOTAL 
(CJ.) (CJ.) (oiJ.) (CJo) (CJ.) 

RS-1 30.97 14.70 53.25 0.62 99.54 

RS-ll 58.20 3.01 36.94 0.56 98.71 

RS-Ill 35.46 31.94 31.33 0.46 99.16 

RS-N 33.14 10.94 53.41 0.65 98.14 

RS-V 33.47 32.91 32.34 1.16 99.88 

RS-VI 40.23 22.31 35.88 0.90 99.32 

RS-VII 5.27 16.91 72.63 1.88 96.69 

SM200 26.73 12.72 57.60 0.59 97.64 

CS200 33.47 13.41 47.95 0.77 95.6 

Tkın ı 0.53 0.97 93.60 0.61 95.71 

Tkın2 43.09 6.53 46.97 1.71 98.30 

Tkın3 7.79 54.19 38.47 0.26 100.71 

2Tkın 2 17.43 19.06 57.71 0.75 94.95 

2Tkm4 42.67 2.83 48.05 1.94 95.49 

2Tkm5 30.51 26.24 41.82 0.49 99.06 

3Tkm1 3.72 49.06 43.71 0.46 96.95 

3Tkm3 39.76 0.96 54.03 0.95 95.70 

3Tkm5 28.16 0.95 66.43 1.55 97.09 

Tkm8 44.62 0.79. 51.45 1.14 98.00 

S7 18.88 10.86 66.55 0.46 96.75 

S7.5 0.00 27.65 70.33 0.57 98.55 

S8 1.44 34.38 61.92 0.90 98.64 

Tkın 18 11.31 74.03 11.83 2.71 99.88 

Tkın 20 5.78 65.59 32.07 0.51 103.95 

ı Quartz, tridymite, cristobalite, and opal. 
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Figure 24: Kaolinization zone and mineral distribution in drill core RS. 
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Semiquantitative calculated mineral composition of outcrop samples from chemical 

analysis (Tab le 3) showsan inverse relationship between kaolinite percentage and proximity 

to the intrusion, as seenin Figur~ 25. Conversely, it displays a proportional relationship be­

tween alunite content (%)and the proximity of the intrusion. & previously stated, this evi­

dence aiso suggests that around the intrusion the advanced argillic alteration zone contains 

dominantly alunite, while in the pits, which are further away from the intrusive contact, but 

stili within the advanced argillic alteration zone, kaolinite predominates. 

5.3.2. X-Ray DltTractogram Analysis 

On the basis of individual minerals identical d-spacing (A 0 ) and the ir corresponding 

relative peak intensity, clay mineral group; are identified from X-ray diffractogram patterns 

according to the criteria of Brindley and Brown (1980). Figures 26 through 49 show the 

whole-rock mineralogy of the Kline Mountain, first seven ofwhich belong to drill core sam­

ples. The whole-rock minerals, both drill core and surface, are listed in Tab le 4. As seen in 

Tab le 4, most of the tuff is composed of kaolinite, alunite, tridymite, quartz, cristobalite, and 

accessory minerals. The clay-size m inerals ( <2J.lm) of the tuff of KI ine Mountain are listed 

in Tab le 5, in order of decreasing abundance. Figures 50 through 71 display the mineralogy 

of the clay-size particles X-ray diffractograms. Kaolinite is present in both size fractions of 

each sample, as indicated by the reflections from 7.15 A o and 3.57 A 0 , the identical d-spac­

ings. However, alunite dominant sanıptes (Tkın 18 and Tkın 20) in both sizes show weak, 

smail peaks of kaolinite reflection that would indicate very minor kaolinite content. 

Cristobalite is detected only in the bulk sample ofTkın 1 asa major constituent. Tridymite is 
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Ffgure 25: Graph showing kaolinile and alunite abundance in surface saınples relative to 
the distance from the Kline Mountain inttusion. 
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present in each sample at different intensities except for alunitic tuff, Tkm 20. 

Kaolinite is the most common clay mineral detected in <2JA.m samples. However, 

smectite was identified in two samples as the second clay mineral present due to the increas­

ing amount of this clay mineral in clay-size fractions. The presence of smectite in the two 

clay-size oriented fractions is based on the appearance of a high background level in the 

7.40° 29, which was only observed on the RS-111 (drill core) and SM 200 (outcropsample) 

XRD patterns. lt was not detected in any other samples. No change in ordering of XRD 

patterns of the glycolated and heated samples were observed in the preliminary study of de­

posit, indicaling no significant ainount of expandable clay minerals (Isik, 1990). The kaoli­

nite is well-crystallized as evidenced by the sharp 001 and 002 reflections (Figures 51 and 

58). 

XRD data indicates that the mineralogy of the clay-size fractions is different from 

that of the drill core. The mineralogical difference among the different size fractions within 

given samples show that quartz is concentrated in the coarse fractions (>2 JA.m) as seenin 

Tabi es 4 and 5. In the< 2 JA.ID fraction, kaolinite predominates with ten exceptions and quartz 

is absent with five exceptions (Tab le 5). In the drill core samples, kaolinite is the chiefminer­

al followed by alunite and tridymite. However, alunite is the chief mineral followed by kao­

linite in the drill core saınple o(RS-VII, which is the deepest core sample obtained. 

In the SEM studies of these samples, no halloysite image is detected, as inferred in the 

preliminary study on the basis of an X -ray diffractogram. 
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1able 4: Kline Mountain mineralogy showing diSiribution of the nıinerals in the saınples de-
tected by X-ray diffraction (m: minor constituent). 

Sample Kaolinlte Alunlte 'liidymite Quartz Cristoballte 

RS-1 X X X X 

RS-11 X m X X 

RS-111 X X X X 

RS-IV X X X X 

RS-V X X X X 

RS-VI X X X X 

RS-VII m X X X 

SM200 X X X m 

CS200 X X X m 

Tkın ı X X 

Tkın2 X m X 

Tkın 3 m X X m 

2Tkın 2 X X X X 

2Tkın 4 X m X X 

2Tkın 5 X X X X 

3Tkın ı m X X 

3Tkın 3 X X X 

3Tkın 5 X X X 

Tkın 8 X X X 

S7 X X X m 

S7.5 X X X 

S8 m X X m 

Tkın ı8 m X X 

Tkın 20 m X X 
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Figure 26: X-ray diffractogram of unoriented >2ıun fraction showing themineralsin 
sample RS-1 of the Kline Mountain kaolin deposit 
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Figure 27: X-ray diffractogram of unoriented >2ıun fraction showing themineralsin 
sample RS-II of the Kline Mountain kaolin deposit 
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Figure 28: X-ray diffractogram of unoriented >2ımı fraction showing themineralsin 
sample RS-m of the Kline Mountain kaolin deposit. 
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Figure 29: X-ray diffractograın of unoriented >2j..Ull fraction showing themineralsin 
sample RS-IV of the Kline Mountain kaolin deposit 
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Figure 30: X-ray diffractogram of unoriented >2~ fraction showing the minerals in 
sample RS-V of the Kline Mountain kaolin deposit. 
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Figure 31: X-ray diffractogram of unoriented >2~ fraction showing themineralsin 
sample RS-VI of the Kline Mountain kaolin deposit. 
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Figure 32: X-ray diffractogram of unoriented >2~ fraction showing themineralsin 
sample RS-vn of the Kline Mountain kaolin deposit 
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Figure 33: X-ray diffractogram of unoriented >2JA.II1 fraction showing the minerals in 
sample SM 200 of the Kline Mountain kaolin deposit. 
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Figure 34: X-ray diffractogram of unoriented >2ımı fraction showing the minerals in 
sample CS 200 of the Kline Mountain kaolin deposit. 
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Figure 35: X-ray diffractogram of unoriented >2ı.un fraction showing themineralsin 
sample Tkm 1 of the Kline Mountain kaolin deposit 



17.66 

74 

8.84 4.44 2.98 ı.ıs 1.sı 1.54 

:::- u u 
~ ~ ~i ~~ u u :::: :::: = = .9 a a 

i .ae-a a a -1 :t :t :t:ı 

~ ":ı 
:ı :ı -~ ~ ~ ~~ ~ ~ i 

~ ~~ ~ .. . . . . . . . . . . 
. . 
. . 

25 35 45 55 

Degrees 28 Cu Koc radiation 

Figure 36: X-ray diffractogram of unoriented >2ıım fraction showing themineralsin 
sample Tkm 2 of the Kline Mountain kaolin deposit. 
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Figure 37: X-ray diffractograın of unoriented >2ı.mı fraction showing themineralsin 
saınple Tkm 3 of the Kline Mountain kaolin deposit 
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Figure 38: X-ray diffractogram of unoriented >2ı,.ı.m fraction showing themineralsin 
sample 2Tkın 2 of the Kline Mountain kaolin deposit 
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Figure 39: X-ray diffractogram of unoriented >2ımı fraction showing themineralsin 
sample 2Tkm 4 of the Kline Mountain kaolin deposit. 
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Figure 40: X-ray diffractogram of unoriented >2J.lm fraction showing themineralsin 
sample 2Tkm 5 of the Kline Mountain kaolin deposit 
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Figure 41: X-ray diffractogram of unoriented >2ı.ını fraction showing the minerals in 
sample 3Tkm 1 of the Kline Mountain kaolin deposit. 
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Figure 42: X-ray diffractogram of unoriented >2ı.mı fraction showing themineralsin 
sample 3Tkm 3 of the Kline Mountain kaolin deposit 
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Figure 43: X-ray diffractogram of unoriented >2~ fraction showing themineralsin 
sample 3Tkın 5 of the Kline Mountain kaolin deposit 
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Figure 44: X-ray diffractogram of unoriented >2J..lm fraction showing themineralsin 
sample Tkın 8 of the Kline Mountain kaolin deposit 
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Figure 45: X-ray diffractogram of unoriented >2ıım fraction showing themineralsin 
sample S7 of the Kline Mountain kaolin deposit 

, . 



17.66 

5 

84 

8.84 4.44 %.98 %.%5 1.8% 1.54 

~ ~ ~~ ~ ~ ~ 
~ 

~ ~ ~=: ~ ~ = = == = = Cil = :ı :ı :ı :ı :ı :ı a :ı 

~ ~ ~~ ~ ~ ~ 

•. 

ıs 25 35 45 ss 
Degrees 28 Cu Koc radiation 

Figure 46: X-ray diffractogram of unoriented >2ıım fraction showing the minerals in 
sample S7.5 of the Kline Mountain kaolin deposit. 
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Figure 47: X-ray diffractogram of unoriented >2ı.ı.m fraction showing themineralsin 
sample S8 of the Kline Mountain kaolin deposit 
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Figure 48: X-ray diffractogram of unoriented >2ı.tm fraction showing themineralsin 
sample Tkm 18 of the Kline Mountain kaolin deposit 
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Figure 49: X-ray diffractogram of unoriented >2J..Ull fraction showing themineralsin 
sample Tkın 20 of the Kline Mountain kaolin deposit. 
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'na b le 5: aay-size fraction ( <2 ımı) mineralogy showing the distribution of the clay-size miner-
als in the samples ofKiine Mountain tuff detected by X-ray diffractogram analysis (the order 
of numbeıs shows the deacasing order of abundance ). 

Sample KaoUnite Alunite 'Ilidymite Quartz Smectite 

RS-1 ı 3 2 4 

RS-11 ı 2 3 

RS-111 ı 2 4 3 

RS-IV ı 3 2 4 

RS-V ı 2 3 

RS-VI ı 2 3 

RS-VII 2 ı 3 4 

SM200 ı 2 4 3 

CS200 ı 2 3 

Tkın ı 3 2 

Tkın2 ı 2 3 

Tkın 3 2 ı 

2Tkın 2 3 ı 2 

2Tkın 4 ı 2 3 

2Tkın5 2 ı 3 4 

3Tkın ı 3 ı 2 

3Tkın 5 ı 2 

Tkın8 ı 2 

S7 4 2 ı 3 

S8 2 ı 3 4 

Tkın ıs ? ı 2 

Tkın 20 ? ı 2 
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Figure 50: X-ray diffractogram of oriented <2ı.un fraction showing themineralsin 
sample RS-1 of the Kline Mountain kaolin deposit. 
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Figure 51: X-ray diffractogram of oriented <2J.U11 fraction showing the minerals in 
sample RS-II of the Kline Mountain kaolin deposit 
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Figure 52: X-ray diffractogram of oriented <2ı.un fraction showing themineralsin 
sample RS-III of the Kline Mountain kaolin deposit. 
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Figure 53: X-ray diffractogram of oriented <2ımt fraction showing themineralsin 
sample RS-IV of the Kline Mountain kaolin deposit. 
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Figure 54: X-ray diffractogram of oriented <2ı.mı fraction showing themineralsin 
sample RS-V of the Kline Mountain kaolin deposit. 
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Figure SS: X-ray diffractogram of oriented <2~ fraction showing themineralsin 
sample RS-VI of the Kline Mountain kaolin deposit 
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Figure 56: X-ray diffractogram of oriented <2ı.mı fraction showing the minerals in 
sample RS-VII of the Kline Mountain kaolin deposit 
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Figure 57: X-ray diffractogram of oriented <2J.A.m fraction showing themineralsin 
sample SM 200 of the KI ine Mountain kaolin deposit 
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Figure 58: X-ray diffractogram of oriented <2ıım fraction showing the minerals in 
sample es 200 of the Kline Mountain kaolin deposit 
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Figure 59: X-ray diffractogram of oriented <2J.U11 fraction showing themineralsin 
sample Tkın 1 of the Kline Mountain kaolin deposit 
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Figure 60: X-ray diffractogram of oriented <2ımı fraction showing the minerals in 
sample Tkm 2 of the K.line Mountain kaolin deposit 
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Figure 61: X-ray diffractogram of oriented <2ı.ı.m fraction showing themineralsin 
sample Tkm 3 of the Kline Mountain kaolin deposit 
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Figure 62: X-ray diffractogram of oriented <2ı.mt fraction showing themineralsin 
sample 2Tkın 2 of the Kline Mountain kaolin deposit. 
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Figure 63: X-ray diffractogram of oriented <2ı.ı.m fraction showing themineralsin 
sample Zfknı 4 of the Kline Mountain kaolin deposit 
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Figure 64: X-ray diffractogram of oriented <2J.UI1 fraction showing the millerals in 
sample 2Tkın S of the Kline Mountain kaolin deposit. 
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Figure 65: X-ray diffractogram of oriented <2~m fraction showing themineralsin 
sample 3Tkın 1 of the Kline Mountain kaolin deposit. 
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Figure 66: X-ray diffractogram of oriented <2J.UI1 fraction showing themineralsin 
sample 3Tknı S of the Kline Mountain kaolin deposit 
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Figure 67: X-ray diffractogram of oriented <2~ fraction showing themineralsin 
sample Tkm 8 of the Kline Mountain kaolin deposit. 
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Figure 68: X-ray diffractogram of oriented <2ımı fraction showing themineralsin 
sample S7 of the Kline Mountain kaolin deposit. 
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Figure 69: X-ray diffractogram of oriented <21..lm fraction showing themineralsin 
sample S8 of the Kline Mountain kaolin deposit. 
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Figure 70: X-ray diffractogram of oriented <2ı.mı fraction showing themineralsin 
sample Tkm 18 of the KI ine Mountain kaolin deposit 
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Figure 71: X-ray diffractogram of oriented <2ı-tm fraction showing themineralsin 
sample Tkm 20 of the Kline Mountain kaolin deposit 
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5.3.3. Scanning Electron Microscope (SEM) Photomicrography 

SEM photomicrograpbs ·of three outcrop saınples show different varieties of kaoli­

nile lextures: columnar covered by very fine silica silcre~ and well-crystallized, relative Iy 

poorly crystall~ and stacks. Kaolinile images in the sample of es 200 contain kaolinile 

crystals covered by the clay-size sileretes (Figure 72) as indicated by qualitative EDS analy­

sis in Tab le 6. The clay fraction isa mixture ofkaolinile, alunile, and tridymile on the basis of 

X -ray diffractogram data in Figure 58. In the scanning electron micrograph of the clay (Fig­

ure 72), plates of kaolinile show columnar morphology. The kaolinitic clay of sample 

3Tkın 5 contains pseudohexagonal plates of well-developed kaolinile crystals in the SEM 

photomicrograph associated with possible silica lepispheres (Figure 73). The photomicro­

graph in Figure 73 displays the typical lexture of kaolinile at the indicated scale bar, which is 

1.87 J.Lm in length. Aportion of it is magnified to about 60 % more in Figure 7 4 showing the 

loosely packed kaolinile flakes. Similarly, the SEM photomicrograph of sample 2Tkın 5 

demonstrates more or less the same lextures as 3Tkın 5, with the exception of its relatively 

poor crystallinity in some kaolinite flakes and stacks of kaolinile (Figure 75). Aportion of 

Figure 75 is enlarged to about 40% more in Figure 76, showing the pseudohexagonal packed 

kaolinile flakes associated with poorly crystalline kaolinile flakes and possibly some lepi­

spheres. These SEM photomicrographs of the kaolinitic clay samples demonstrale the vari­

abiUty of kaolinile crystallinity, plus silica overgrowths. Another kaolinitic clay sample of 

2Tkın 5 displays relatively poor crystallinity in some kaolinile partides (Figure 77), as evi­

denced by qualitative EDS analysis in Figure 78 and Table 7. These flakes of kaolinile are 

smail to moderate in size. 



Figure 72: Scanning electron ınicrograph of the highly silicified day partides within 
sample es 200 demonstrating columnar kaolinite flakes covered by silcretes. See 
Tab le 6 bel o w for the weight and atomic percentages of the elements in the image 
(Scale bar=3.04 ~m). 

112 

Table 6: The weight and atoınic percentages of the elements by energy dispersive X-ray 
spectra of highly silicified day partides shown in Figure 72 indicating kaolinite. 

ELEMENT RELATIVE K Wf% ATOMIC% 

Al 0.1252 12.42 12.88 

Si 0.7644 87.02 86.68 

s 0.0016 0.28 0.24 

K 0.0023 0.29 0.20 

Total 100.00 100.00 



Figure 73: Scanning electron micrograph ofwell-crystallized kaolinites within the sanı­
p le 3Tkm 5 displaying high clay crystallinity and silica lepispheres (Scale 
bar=1.87 J.llll). 

Figure 74: Enlargement of sample in Figure 73 (Scale bar=1.10 J.ll1l). 
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Figure 75: Scanning electron micrograph of kaolinile flakes within the sample 2Tkm 5 
showing stacks of well-developed kaolinites (Scale bar=1.55 ~). 

Figure 76: Enlargement of sample in Figure 75 (Scale bar=0.606 ~). 
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Figure 77: Scanning electron micrograph of kaolinites within the sample 2Tkm5 
demonstrating the clay crystallinity. See Figure 78 and Table 7 for energy 
dispersive X-ray spectra of the indicated kaolinite flake in center (Scale 
bar=0.610 ~). 
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Figure 78: Energy dispersive X-ray spectra of the clay partides shown in Figure 77. 
Note the Si/Al ratio. The Au is due to the process of coating which gives a1so a 
false S content. See Table 7 for the weight and atomic percentages of the ele­
ments. 
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Table 7: The weight and atoınic percentage of the elements by energy dispersive X-ray spec-
tra of clay partides shown in Figure 77 and 78 indicating kaolinite. 

ELEMENT RELATIVE K WT% ATOMIC% 

Al 0.2452 25.21 26.51 

Si 0.4477 58.46 59.05 

s 0.1058 16.31 14.43 

K 0.0001 0.01 0.01 

Total 100.00 100.00 
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As previously stated, the fine-size silica content was reported as a major drawback 

for this kaolin deposit to be utilized in the paper industry. Even though all the SEM micro­

graphs demonstrate evidence for fine-size s ili ca content (lepispheres ), SEM photomicro­

graph ofsample SM 200 in Figure 79 displays strikingly these fine-size silica textures with 

high porosity associated with alunite flakes. Energy-dispersive spectroscopy indicates ag­

gregates ofbladed crystals composed of individual lepispheres consisting dominantly of sili­

ca minerals (tridymite and/or cristobalite ), which is believed to be formedasa result of preci­

pitation related with groundwater. These minerals are presumed to be tridymite and/or 

cristobalite, based on X -ray characterization, and X -ray fluorescence data conducted during 

a preliminary study (lsik, 1990), and comparison with scanning-electron micrographs of 

Meyer and Reis (1985), Welton (1984), and Scholle (1979). 

Figures 80 through 82 show SEM images of alunite which demonstrate identical 

crystal forms and flakes within the typical texture. The EDS analysis of the flake in Figure 80 

and the crystals in Figure 81 and 82 are composed of Al, K, and S (Table 8, 9 and 10). This 

indicates that the flake and the crystals are alunite and are consistent with the observation of 

the close association of alunite and silica (tridymite and/or cristobalite) from the XRD results 

(Tab le 4 and Figures 33, 41 and 48). The SEM images show that alunite crystals are hexago­

nal and pseudo-rhombohedral associated with bladed s ili ca crystals, which are intergrown to 

form lepispheres. In Figure 81 and 82, SEM alunite crystal photomicrographs demonstrate 

well-developed and tightly packed textures. 



Figure 79: Alunite crystals and silica lepispheres within the sample SM 200, as seen by 
scanning electron microscopy. Note the fıne grain sizes of the silica lepispheres. 
Large angular flakes are examples of alunite (Scale bar=6.21 ımı). 
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Figure 80: Alunite crystal (hexagonal) and silica Iepispheres within the sample SM 200, 
as seen by scanning electron microscopy. See Table 8 below for the weight and 
atomic percentages of theelementsin the marked alunite flake (Scale bar=3.13 
J.UD). 

Tab le 8: The weight and atomic percentages of the elemen ts· by energy dispersive X -ray 
spectra of alunite flake shown in Figure 80. 

ELEMENT RELATIVE K Wf% ATOMIC% 

Al 0.3586 38.87 42.82 

Si 0.0900 13.54 14.32 
s 0.3123 40.09 37.16 

K 0.0597 7.50 5.70 

Total 100.00 100.00 
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Figure 81: Well-developed alunite crystal within the sample 3Tkm 1 with cbaracteris­
tic bexagonal face (Scale bar=1.75 ımı). 

Figure 82: Scanning electron micrograph of alunite crystals witbin the sample Tkın 18 

demonstrating characteristic hexagonal and rhombohedral faces. See Tab le 9 and 
10 for the weigbt and atomic percentages of the contained elemen ts for the alunite 
crystals (Scale bar=3.02 JUD.). 
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Table 9: The weight and atomicpercentages of the elements by energy dispersive X-ray spectra 
of large hexagonal alunite crystals shown in the upper left part of Figure 82. 

ELEMENT RELATIVE K Wf% ATOMIC% 

Al 0;2090 22.11 23.90 

Si 0.3866 49.41 51.30 

s 0.1496 21.75 19.78 

K 0.0537 6.73 5.02 

Total 100.00 100.00 

Tab le 10: The weight and atomic percentages of the elements by energy dispersive X-ray spectra 
of rhombohedral alunite crystals shown in Figure 82. The end of these crystals appear as 
laths in the lower central part of the SEM image. 

ELEMENT RELATIVE K Wf% ATOMIC% 

Al 0.4083 44.75 49.70 

Si 0.0378 6.01 6.41 

s 0.2900 36.57 34.18 

K 0.1027 12.67 9.71 

Total 100.00 100.00 



CHAPTER6 
PHYSICAL AND STRUCTURAL PROPERTIES OF KLINE 

MOUNTAIN KAOUN 

In making brick, physical properties of clay play a more im portant role than i ts chem-

ical properties. In addition to a sufficient reserve of clay deposit to be considered as a struc-

tural clay for the brick industry, the physical properties are principally: particle size, plastic-

ity (to be molded easily into brickshape), greenstrength (to retain thatshape in both wetand 

dry states), and firing temperature (to form hard brick without excessive deformation at tem-

perature of 1745 °F-2015 °F by sufficient vitrification). In fired brick, they are: compressive 

strength, firing color, and water absorption. 

According to DeVilliers (1962 a,b,c), a sample of a refined day was found to have a 

very high Standard Brightness of 93. 9%, an abrasion loss of only 11 mg. wire•, low moisture 

content, and very easily dispersed by 1 mili- equivalent ofsodium hydroxide per 100 grams 

of the day to bring the pH to 7.0 or above. He conduded that this day has good possibilities 

in the coating field. In his further study, he reported that the coating had high values for 

smoothness, gloss, and glare. However, the brightness value and bonding strength of the re-

fined day were the characteristics considered to be most attractive. 

*: "The Valley abrıuıion tesıcı bas beea desiped to simulate the wear wlücla occun iıı tJıe ,-per IDIIChiııe wire&, and bas been widely 

usedin cvaluating the relative abrasivcııcss of diffcrcnı pigmenıs. The device consists of a pcrforaıed coıı:ıposition block (Micarta) 

wbich rcsıs on a wcighed piece of 70 by 48-ıııeslı bronzc ııcrcca. A sluıry coataiaing 100 pams of tJıe test pigment in 3200 ml. of 

water is continuously circulated throup the pcrforated block u it moves bact aııd forılı acroaı the 9CI'eell 6000 times in 70 minuıes. 
Al the cad of the run the wire is rewcighed aod the wcight of the wire abraded away is dctcnııined by diffcrcııce. Abrıuıioa values 

bclow 20 mg. are considered to be acı:eptable for citlıcr fıller-or-coatiag-gnıde pigmenta. Values from 20 to 60 mg. are borderline 

cases and values above 60 mıı. are ııot co llSidered coııımeıcially ııccepıable" (Sallee, 1 962). 
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In contrast, Sallee (1962) stated that the clay sample was difficult to disperse du e 

to the preparation, which had been flocculated with acid and not adequately washed. Thus, 

he added that the true characteristic of the particle size was uncertain. However, he con-

cluded that the mineral was good quality kaolinite with a standard brightness of 87.7%, an 

abrasion loss of only 12 mg. wire, and low grit content. 

6.1. Particle Size 

The purpose of particle size measurements is to de termine the percentages of clay-

sized parti cl es, silt -sized parti cl es, and sand-sized parti cl es in the ra w, unfired samples. The 

particle size distribution is a most important factor with both filling and coating materials. 

The brick industry uses a large amount of relative I y coarse material. The use of fine, coarse, 

and well-distributed partides have advantages and disadvantages in regard to producing a 

more vitreous and homogenous ceraınic body. Tichane (1990) reported that particle size ma-

nipulation is one of the important factors which enables evaluation and improvement of 

strength of ceramic body withou~ any defect such as high shrinkage, distortion, and low plas­

ticity. Also, Grimshaw (1971) reported the finess of particle size as a main factor influencing 

the dry strength of a clay body. 

The clay partides are very smail ( <2 J.Lm) and occur mostly in form of plates and rods, 

and rarely spherical which make determination of clay particle size a complex problem with 

respect to Stoke's Law. Grimshaw (1971, pp. 373-374) reported several otherdifficulties in 

clay particle size analysis, which essentially Iies in the existence of extremely fine portions 

( < 0.5 J.Lm) and also in breaking down the harder types of clays to their real particle size ete. 

).\ ~~ ;'. o f.ı t r ~ ...... '_ '· ... : ~s l 
Ml:.: ;r.:z J( ÜTÜ?H.ıH:CSI 
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Consequently, it should always be remembered that the methods of clay particle size mea­

surements are not fully satisfactory nor desirable procedures at least from the academic stand 

point (Klinefelter and Hamlin, 1957) because of the physical properties of clays as well as 

their behavior when treated with water and chemicals. 

Grimshaw (1971) has classified the particle size measurements using three methods: 

geometric symmetry, hydrodynamic symmetry, and surface area measurement, each of 

w hi ch has i ts limits in terms of a certain range of size suitability and interpretation. Electron 

microscopy and electrically induced birefringence are also recommended methods by Dixon 

and Weed (1989) for clay particle size measurement. 

6.1.1. Samples 

In order to represent the Kline Mountain clay deposit size distribution vertically and 

horizontally, five surface and three core samples are analyzed. Four of the surface samples 

(SM 200, es 200, Tkm 2, and 3Tkm 3) are kaolinitic clay taken from two open pits and the ir 

vicinity, w hile the other (Tkm 18) was secured from alunitic clay close to the intrusion. The 

drill core samples (RS-1, RS-IV, and RS-VI) belong to the kaolinization zone of the tuff of 

Kline Mountain (see Figure 16, for the depth of the drill core samples). 

6.1.2. Methods of Investigation 

Even though numerous procedures exist, the method used by the New Mexico Bu­

reau of Mines and Mineral Resources was employed for determining the percentages of 

clay-size, silt-size, and sand-size particles (Brickell, 1989). This analysis incorporates 
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si eve analysis for the sand-and-larger-( sand+) and silt-size particles and the pipette method 

for the clay-size fraction. Sieve analysis is one of the quickest and simplest, most widely 

used method of particle size analysis. In the pipette method of particle size analysis, the con­

centration changes that occur within a settling suspension are followed by drawing off defi­

nite volumes by means of a pipette. 

For this analysis, the equipment used are: a 1000 ml beaker, two 80 ml beakers, a 

number 230 sieve, a large pan, a glass pipette, an oven, a desiccator, and a balance. The pro­

cedure of particle size measurement is explained in Appendix 2. 

6.1.3. Results 

The grain size distribution is listed in Tab le ll as a percent of sand-size and greater 

(>63 J.lm ), silt-size ( 63-2 J.lm), and clay-size ( <2 J.lm ). For most of the samples, the majority 

of the material is clay-sized, followed by sand+ -sized, then silt-sized particles. Material 

compositions, based on grain-size, are plotted ona sand-silt-clay temary diagram in Figure 

83 for visual demonstration and relation of the particle size distribution among the samples. 

Particle-size analyses show that RS-1 (drill core), which includes silica (tridymite, 

quartz, and cristobalite ), kaolinite, and alunite, has the highest percentage of cl ay-size par­

ticles. With the exception of alunitic day (Tkm 18), there isa proportional relation between 

kaolinitic content percentages (Tab le 3) and clay-size fraction percentages of kaolinitic sur­

face samples (Table ll and Figure 83). Higher clay-size fractions in some samples indicate 

larger amounts ofkaolinite (Table 3). The two open pit samples, SM 200 and CS 200, show 

mor e sand-size fraction than the other samples. For the samples of the drill core, the majority 
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of the material is clay-s~ followed by silt-s~ then sand+ -sized particles. On the other 

hami, two kaolinitic surface sariıples (Tkm 2 and 3Tkm 3) carry clay-sized particles as a 

principal dominant fraction. The alunitic clay sample Tkm 18 demonstrates that the silt-

sized fraction as the chief constituent. The open pit mine sample SM 200 contains the Jeast 

percentage of the clay-sized fraction, while the shallowest driJJ core sample RS-1 contains 

the Jeast percentage of sand+ sized fraction. 

18ble ll: Grain-size distribut.ion of Kline Mountain clay. 

SAMPLE SAND+ SILT CLAY 
>63 f1 63-2 f1 <2J1 
(%) (%) (%) 

RS-1 ı 37 62 
RS-IV 17 38 45 
RS-VI ll 44 45 
SM200 46 26 28 

CS200 45 22 33 
Tkm2 16 30 54 
3Tkın 3 33 27 40 

Tkm18 18 49 33 

R5 is number of core 
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Figure 83: Temary diagram showing sand-silt-clay size distribution of the samples. 
The filled circles (e) designate drill core samples, while the others (0) designate 
surface samples. 
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6.2. Clay Firing Experiınents 

A ce ram i c body is an aggregate of crystals and glass and can be considered a grouping 

of loose crystals cemented together by a glassy matrix, which can be obtained by firing. 

Thus, the fıring process is one of the most im portant parts of making any kind of a ceramic 

body. After methodical fıring, one can draw many im portant conclusions about the ceramic 

body, such as vitrification temperature, fıring color, fusion temperature, and compressive 

strength. Various fıring temperatures conducted on the same clay can produce different ce­

ramic properties until a fusion forms which destroys the usefulness of the ceramic article. It 

is very important for a ceramic body to be fıred at a specific temperature so that a desirable 

ceramic product can be obtained without any defects such as fusion deformatio~ undesirab le 

color or weak compressive strength. 

The purpose of these experimentsis to determine: (1) firing color, (2) compressive 

strength, and (3) water absorption of experimental ceramic brick with or without fluxing 

agents. In addition to the above stated objectives, workability, green strength, and molding 

properties of the mixes are also observed as other im portant required properties for making 

brick and will be discussed later. 

A good drying cycle to remove free water from the molded ceramic body is the fırst 

im portant step in a fıring process. The drying process begins when the green-ware, for ex­

ample brick, is exposed to the atmosphere. Most of the molding process in ceramics, includ­

ing brick, is performed with bodies containing up to 30 % or more of water to facilitate ex­

truding and binding properties. · Prior to firing, all of the hygroscopic water must be re-
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moved, as the firing in the kilns takes place so fast that the hygroscopic water contained in the 

green-ware would evaporate too quickly, and develop vapor pressures which would disinte­

grate the body or would otherwise cause damages due to the water expanding explosively. 

Flux isa substance that is added to a clay body to enable it to fuse more readily and for 

strength. In ceramics, including the brick industry, fluxes are incorporated into the clay bo­

dies in order to lower the temperature at which fusion begins during firing. This liquid, when 

cooled, forms a glass which binds the grains of the body together. By means of fluxes, a 

strong ceramic body can be produced at lower temperature and at a lower cost. 

Vıtrification varies and depends primarily on the nature and amount of fluxes present 

in a ceramic body. The most effective fluxes are materials rich in alkali oxides-NazO, K20 

or LizO. Calcium and magnesium oxides also act as fluxes. Cost and availability are the 

main factors that influence the choice of fluxing materials; bence, naturally occurring miner­

als that contain the above oxides are preferred to pure chemicals. 

6.2.1. Samples 

For this study, 200 kg of sample CS 200 was recovered from the abandoned pit to be 

utilized. The calculated mineral content of this sample is kaolinite (33.47% ), alunite (13.41 

%), silica (47.95 %), and accessory minerals (0.77 %). Table ll displays the grain-size dis­

tribution of the sanıp le. 

Fluxing agents used in this study were nepheline syenite, calcined talc, salt (NaCl), 

CaC12, hydrated lime (Ca(OH)ı), and #3 clay (Anapra Shale) of the American Eagle Brick 

Company. With the exception of calcined talc, all of them were provided by Dr. George F. 
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Cudahy, the President of the American Eagle Brick Company. Ntsimanyana (1990a) re­

ported that the nepheline syenite, (Na, K)ıO.Al:ıOJ.2SiOı, was provided by Allied Market­

ing Services of Austi~ Texas, to· American Eagle Brick Company (then ElPaso Brick Com­

pany) for experimentation as a brick and tile m ix component. He also stated that the Orani te 

Mountain Quarries at Sweet Home, Ar~ was the producer of the nepheline-syenite. 

Table 12 displays the chemical and mineralogical analysis of the nepheline syenite. 

The calcined talc was obtained during the field trip in the lndustrial Rocks and Miner­

als course (Geol. Sci. 3515) on November 22, 1992. K yle and Clark (1990) reported that this 

ceramic-grade talc contains disseminated quartz and dolomite between 5 and 30 % by vol­

ome as accessory minerals. 

The kaolin saınple, es 200, has been crushed by hammer and crusher followed by 

grinding in the Metallurgy Laboratory of the New Mexico BureauofMines and Mineral Re­

sources. The~ 95 %of this ground sample has been sieved to -100 mesh ( -150 ıım) by re­

peated grinding of the + 100 mesh parti cl es after each sieving. 

Nepheline syenite, calcined talc and #3 clay were crushed, ground and sieved to -35 

mesh in the American Eagle Brick Plant prior to mixing asa fluxing agent. Factory produced 

salt (NaCl), CaC12, and hydrated Iime was provided by the American Eagle Brick Company. 
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Table ll: Oıemical and mineralogical analysis of the nepheline syenite used in the mixtures of 
fıring experiments (Ntsimanyaııa, 1990a). 

Ciaemical Analysts in Weight Percent (wt %) 

SiOı 60.30 

TIOı 1.10 

Alı03 19.93 

Feı03 4.67 

M gO 1.19 

Ca O 1.27 

Na ı() 6.25 

KıO S.30 

ı... o .ı. 0.11 

Mineralogical Analysis in Approximate Modal Amounts (%) 

Alkali Feldspars 60 

Nepheline 10 

Homblende 10 

Diopside s 
Titanite -
Apatite ıs 

Magnetite combined 

Biotite total 
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6.2.2. Methods of Investigation 

For the firing experiment, four different sets of samples were prepared. The first set 

was prepared without any additive fluxing agent, while the others were prepared with a cer­

tain amount of fluxing agents. Also, the laboratory extruder of American Eagle Brick Com­

pany was employed for the second set of the samples. 

For the first set of experiments, 30 g. of ground kaolin were mixed with 14.5 g. water 

to make it plastic. Then, these "muddy" kaolin materials were molded by hand into four 

patties (1 through 4). These patties were left at room temperature for 12 hours. Afterwards, 

the pa tti es were placed in an o ve n to be dried at 50 °C for about 6 hours. In order to de termine 

if there was a vitrification without adding any flux to the clay, the patties were fired at differ­

ent temperature by using the Standard Large Orton Pyrometric Equivalents (PCE) to observe 

the temperature (Figure 84). The PCE isa standard determination universally used to evalu­

ate the refractoriness ofboth clays and refractory bodies. For the first two of these specimens 

(1 and 2), firing was conducted in the electric kil n (Figure 85), while the firing of the last two 

(3 and 4) was done in the gas kilo (Figure 86). Piring tests were performed asa fast-firing. 

Four firing temperatures, 1120 °C (2048 °F) for sample 1, 1162 °C (2124 °F) for sample 2, 

1222 oc (2232 °F) for sample 3, ·and 1305 °C (2381 °F) for sample 4, were used for the first 

set of experiments. Large Standard Orton PCE Cones (04-02-6-10) was employed to con­

trol the temperatures, which correspond to those reported above. The nurnerical part of the 

PCE cones indicate certain fusion temperature for specified cones. 



Figure 84: Fired brick specimens of the Kline Mountain kaolin showing the white fired 

specimen at different temperatures. The two in the left comer at the top are fired at 
1120 oc (2048 °F); the two in the right com er at the top are fired at 1162 oc (2124 
0 F); the two in the left comer at bottom are fired at 1222 oc (2232 °F); and the two 

in the right comer at the bottom are fired at 1305 °C (2381 °F). 
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Figure 85: Electric kiln of El Paso Community College Art Studio used in the low tem­
perature fıring of the experimental brick. 
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Figure 86: Gas-fired kiln of El Paso Community College Art Studio used in the high 
temperature firing of the experimental brick. 
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In the second set of experiments, a 4.364 kg kaolin saınple of CS 200 (91 %) was mixed with 

equal aınounts of218 g. ( 4.5 %) of nepheline s yeni te and white silica, respectively. The ex­

perimental mixtures were moistened with water for a workable plasticity to be extruded. In 

the following step, the laboratory extruder of the American Eagle Brick Company (Figure 

87) was employed to make the brick. The mix was extruded with a very poor ( almost no) 

vacuum because the vacuum system was inoperative. Then, the bricks were Ieft under room 

conditions for 2 days (Figure 88). On the following day, they were placed in an oven at 65 oc 

for 2 hours, at 85 oc for 2 hours and at 105 oc for 2 hours. Next, they were fired at the Com­

munity College Art Studio's kiln (Figure 89) by employing large Orton Standard cones to 

monitor the temperatures. The second firing tests were conducted with the same method as 

the first firing test. Three firing temperatures, 1121 oc (2050 °F), 1190 °C (2175 °F), and 

1288 °C (2350 °F), were employed for the nepheline syenite and white silica fluxing. 

For the third set of experiments, eight specimens were prepared by using talc, NaCl, 

CaCI2, Hydrated lime-Ca(OH)ı, and #3 clay (Anapra Formation) of the American Eagle 

Brick Company. Tab le 13 lists the aınount of kaolin, fluxing agent and water utilized to make 

these specimens. The firing temperatures conducted for each specimen are also indicated. 

Samples numbered Ol through 04 were prepared by adding the indicated amount of talc to 

reported amounts of kaolin. Then, these patties were molded after plasticity was obtained by 

the reported aınount of water, as shownin Tab le 13. For saınple 05, 25 g of salt (NaCl) was 

mixed in to 75 g of water. The n, it was stirred, and 20 g of this solution, which contained 5 g 

NaCl, was added to the clay. By adding given aınounts of water for plasticity, it was molded 

by hand. 



Figure 87: Laboratory extruder of American Eagle Brick Company used in the second 
set of experimental brick specimens. 
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Figure 88: Unfired dried specimens of the extruded brickspecimen showing green-ware 
brick body. The gray specimen at the right comer contains the #3 clay. 

Figure 89: Fired brick specimens of the Kline Mountain kaolin with the fluxing agents of 
nepheline syenite and white silica showing the white fired specimen. The red 
fired specimen is the #3 clay fıred specimen. 

138 



139 

Tab le 13: The preparation list of the third fıring experimental brickshowing the aınount of materi­
al and temperature utilized for these experiments. 

SPECIMEN KA OUN FLUXING AGENT PLASTICITY FIRING 
ll WEIGHT NAME WEIGHT WATER TEMPERA1lJRE 

1 1 cc OF 
01 9S Th.lc s 49 209S 

02 9S Th.lc s 48 2232 

03 90 Talc 10 47 209S 

04 90 Th.lc 10 47 2232 

os 9S Salt(NaO) s 30 209S 

06 9S Ca O ı s 28 209S 

07 90 Hydrated 10 ss 2232 
Ilm e 

08 92 Hydrated S+3 38 209S 
Ume+CaOı 

For sample 06, the same procedure was followed as in saınple 05 but CaCl ı was used instead 

of NaCl. For saınple 07, dry hydrated lime was added to clay. Then, plasticity was obtained 

by adding the amount of watershownin Tab le 13. For sample 08, in addition to the indicated 

amount of hydrated lime, 12 g of CaCl ı mixture from the solution of sample 06 was added to 

the clay. Then, varying degrees of plasticity were obtained by the amount of watershownin 

Tab le 13 (Figure 90). In the following step, samples were placed in an oven at 60 °C for 2 

hours, at 75 oc for 2 hours and af105 oc for 1 hour, and so dried. Then, they were fired at the 

temperatures shownin Table 13 by employing the PCE cones (Figure 91). 



Figure 90: Unfired dried specimens of the experimental brick specimen ofi<Iine Moun­
tain kaolin with different fluxing agents showing green ware body. 

Figure 91: Fired brick specimens of the Kline Mountain kaolin with different fluxing 
agents showing the white fired brick specimen. 
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For the fourth set of experiments, ei gbt specimens were prepared by using the #3 clay 

of the American Eagle Brick Company (Ntsimanyana, 1990 a) and the nepheline syenite. 

Table 14 lists the amount of kaolin, fluxing agent, and water utilized to make these speci­

mens. The firing temperatures conducted for each specimen are also reported. Sample nurn­

hers 010, 030 and 070 were prepared by adding the indicated amount of #3 clay with the cor­

responding amount of Kline Mountain kaolin. Sample numbers 040, OSO and 080 were pre­

pared by adding the indicated amounts of #3 clay and nepheline syenite with the reported 

amount of kaolin. Then, these specimens were molded after a plasticity was obtained by ad­

ding a given amount of water, which was 47 cc for the kaolin+ #3 clay mixture and 45 cc for 

the kaolin+ #3 clay + nepheline syenite mixture. The specimens were left under room condi­

tions for 24 hours. Afterwards, the specimens were placed in an oven at 60 °C for 2 hours, at 

75 °C for 2 hours and at 105 °C for 1 hour, to be dried. Then, the specimens were fired at the 

temperatures shownin Table 14 by employing the PCE cones (Figure 92). 
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Tab le 14: The peeparation list of the fourth fıring experimental brick showing the amount of mate­
nal and temperature utilized for these experiments. 

SPECIMEN KA OUN FLUXING AGENT PIASTICITY FIRING 
# WEIGHT NAME WEIGHT WATER TEMPERATIJRE 

g. g. cc. OF 

010 90 #3 clay 10 47 1900 

030 90 #3 clay 10 47 2048 

040 85 #3clay+neph. 10+5 45 2048 
syenite 

050 85 #3clay+neph. 10+5 45 2150 
syenite 

070 90 #3 clay 10 47 2150 

080 85 #3clay+neph. 10+5 45 1900 
syenite 

Figure 92: Fired brick specimens ofthe Kline Mountain kaolin with #3 clay, and #3 clay 
with nepheline syenite as fluxing agents showing the white fired b ri ek specimens. 
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Firing was started at 75 °F, increasing it by 300 °F per hour until the plateau firing 

temperature was reached. As stated earlier, Standard Large Orton cones were employed to 

monitor the temperature within their corresponding temperature range. A pyrometer was 

also employed for the rate of firing as another monitoring device for the temperature. Each 

firing experiment spanned about 8 to 10 hours. Firing at the plateau temperature was always 

maintained for 20 minutes or more. All the firing experiments were performed in the Art 

Studio's kilns of El Paso Community College. 

6.3. Water Absorption 

The absorption tests were conducted for 24-hours, as outlined by the ASTM Stan­

dard Specifications for Brick and Applicable Testing Methods for Units and Masonry As­

semblages. The fired samples were weighed prior to be ing submerged in distilled water for 

24 hours. At the e nd of twenty fo ur hours of water saturatİ on, the samples were taken out of 

the water, dried with a moist cloth, and reweighed within a timelimit of 5 minutes after be ing 

taken out of water. The absorption of each specimen was calculated as follows: 

Absorption= lOOx(W 5- W i)IW r 

Where: Wf=fired dry weight of the sample and 

Ws=water saturated weight of the sample. 

Absorption tests were performed for four sets of the fired samples before the com­

pressive strength test. However, for the third set, absorption tests were performed on the 

fragınents of the samples that had been subjected to compressive strength tests first. 
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6.4. Compressive Strength Test 

The compressive strength of a brick, as a masonry unit, is one of i ts most important 

physical properties. A brick: has to meet at least the minimum standard requirement per­

formed by a Standard Compressive Strength Test. The specifications, in pounds per square 

inch (psi) for the gross area, range from 1500 psi for the NW (Negligible Weathering) Grade 

to 2500 psi for MW (Moderate Weathering) Grade and 3000 psi for the SW ( Severe Weather­

ing) Grade (Figure 95). In general, brick strength is found to vary from 1,000 to over 20,000 

psi (Klinefelter and Hamlin, 1957). 

After the firing, the experimental brick: specimens were smoothed before force ap­

plication. This flattened surface area was calculated in square inches. The compressive 

strength tests were performed in accordance with ASTM C-67, Standard Test Method of 

Sampling and Testing Brick: and Structural Clay Tile, by Danny R. Anderson Consultants, 

Ine., Geotechnical and Environmental Engineers, El Paso, Texas and Sunbeit Laboratories, 

El Paso, Texas, for the American Eagle Brick Company. For each specimen, the compres­

sive strength was determined by dividing load in pounds, applied to the flattened surface ver­

tically, into gross area in square inches. 
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6.5. Results 

In order for wet brick to be handled or transported prior to drying and firing, the wet 

b ri ek (green-ware) has to have sufficient green strength so that the molded shape will not be 

de formed when stacked on tiring cars. Thus, the green strength is an im portant property of 

the clay body. Tab le 15 displays the compress i ve strength of the molded specimens. Accord-

ing to Dr. G. F. Cudahy, these green strengths indicate adequate strengths for brick making. 

Tab le 15: Compressive strength showing green strength of the unf'ıred experimental brick speci­
mens as a function of the ~egree of drying. 

SAMPLE DRYING GROSS LOAD COMPRES-
ll TEMP. AREA (Lbs) SIVE 

rF> (Sq. In.) STRENGTH 
(Psi) 

ı 2ı2 0.3ı24 ıoo 320 

2 2ı2 0.3406 ıso 440 

20 n 1.5429 350 227 

2ı 2ı2 2.4ı47 750 311 

The compressive strength test was performed in accordance with ASfM C-67, Standard Test of 
Sampling and Testing Brick and Structural Oay Tile, by Sunbeit Laboratories, El Paso, Texas, 
for American Eagle Brick Company, on June 8, ı993. 

As see n in Figure 89, the cl ay w as extruded in the experimental extruder of the Am er-

ican Eagle Brick Company, indieating the required degree of material plasticity for making 

brick. The plasticity water for the kaolin is listed in Table 13 for the third set of the exper-

imental brick. For the other experimental brick, the plasticity water was determined to be 
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between 45 and 47 percent by weighl This should be much towerwhen the clay is extruded 

in a full scale extruder with a vacuum in excess of 24 inehes of Hg (Dr. G. F. Cudahy). 

In the tiring results of all experimental brick specimens with or without a fluxing 

agent, the desirable white color in the fired brick was achieved as seenin Figures 84, 89, and 

91. From the color point ofview, the Kline Mountain experimental brick specimen demon­

strated a whiter color to meet the market need in comparison with Chihuahua white brick, 

which at one time was sold in the El Paso area. Moreover, the white color can be darkened by 

adding various amounts of the local brick company's #3 and/or #1 clay with nepheline sye­

nite to supply various shades of white-to-cream brick, according to market demand. This 

can also bring additional advantages to the brick company in competing with its competi­

tor( s) in the market by towering the production cost of making white b ri ek as well as supply­

ing better quality white brick in tenns of compressive strength and water absorption. 

6.5.1. Water Absorption 

The absorption tesıs were performed for 24 hours for t~ five experimental brick sets 

(Tables 16 through 20). The water absorption percentage was calculated by using the for­

mula as stated in the methods of investigation (6.3). 

For the experimental brick specimens, two weights were used for water absorption; 

dry fired weight (Wt) and absorbed brick weights (Ws) after 24 hours. Each water absorp­

tion was reported separately in the related water absorption table. 

Other purposes of the firing experiments were to check the water absorption and 

compressive strength with or without a fluxing agent. For the first set of experimental brick, 
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kaolin was used without any fluxing additives. The four different temperatures were used for 

this experiment are reportedin Tab le 16. The water absorption was calculated between 40.50 

% at 2048 °F and 27.45 %at 2381 °F resulting in the highest percentage of water absorption 

among the experimental saınples with respect to temperature. This is a linear inverse rela-

tionship between water absorption and firing temperature for all specimens as seenin Figure 

93. 

'IBble 16: Water absorption for the experimental brick of Kline Mountain kaolin (100 %). Ab­
sorption tests were performed at room temperature, approximately 25 °C. 

SAMPLE FIRING TEMP. FIRED WATER '*' ll C'F) WEIGHT SATUR. ABSORPTION 
(Wf) gr. 24Hrs 

(Ws) gr. 

ı e 2048 10.00 14.05 40.50 

ı• 2124 7.20 10.09 40.14 

3. 2232 11.30 15.45 36.73 

4. 2381 11.13 14.18 27.40 

The constituent of the specimens is the kaolin (100 % ). The specimens were molded by hand, 
since the mechanical extruder was not functioning. 
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Figure 93: Graph showing the water absorption rates versus temperature. Note inverse 
linear relationship between water absorption rates and fıring temperatures. 
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The brick specimens used in these absorption tests are the same ones used in the com-

pressive strength tests (fable 21 through 24). With the nepheline syenite and white silica 

mixes, three different temperatures were employed for firing experiments as reported in 

Tab le 17. The water absorptions were determined as 36.15, 34.19 and 28.24 %, indicaling a 

relatively lower water absorption than the first set of samples as seen in Figure 93. As ob-

served in the first set, there is also an inverse relationship between firing temperatures and 

water absorption in this set. The specimens in this set were extruded without vacuum. 

'nlble 17: Water absorption (wt %) for experimental brick set two. Absorption tesıs were per­
formed at room temperature, approximately 25 °C. 

SAMPLE FIRING TEMP. FIRED WATER % 
# rF> WEIGHT SATUR. ABSORYriON 

(Wf) gr. 24Hrs 
(Ws) gr. 

20.6. 2050 81.05 110.35 36.15 

21.6. 2175 79.70 106.95 34.19 

23.6. 2350 86.75 111.25 28.24 

The constituents of the specimens are kaolin (91 % ), nepheline syenite ( 4.5 % ), and white silica 
( 4.5 % ). The specimens were exttuded with no vacuum. 

In the third set, talc, NaCl, CaClı, and hydrated lime were utilized asa fluxing agent 

for the experimental brick made with the clay. Talc has been usedin the first four specimens 

in amounts of 5 and 10 g, fired at 2095 °F and 2232 °F respectively. The highest water ab-

sorption percentage in this set was determined in sample 07 containing 90% kaolin and 10% 

hydrated time, fired at 2232 oF followed by sample Ol containing 95 % kaolin and 5 % talc, 
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fired at 2095 ~. as seen in Table 18. No other specimens in this group, except for the talc 

specimens, show a correlation between water absorption and temperature. However, the talc 

graph in Figure 93 indicates an inverse Iinear relatioııship between water absorption and tem-

perature. 

Table 18: Water absorption (wt%) for experimental brick in third set. Absorption tests were per­
formed at room temperature, approximately 25 °C. 

SAMPLE FIRING TEMP. FIRED WATER % 
tl rF> WEIGBT SATUR. ABSORPTION 

(Wl) gr l4Hn 
(Ws)gr 

Ol* 2095 5.45 7.57 38.90 

02* 2232 9.60 13.08 36.25 

03-'ı 2095 1.55 10.18 34.83 

04-" 2232 16.10 21.95 36.34 

050 2095 10.40 14.45 38.94 

06® 2095 6.30 8.63 36.98 

07+ 2232 3.75 5.32 41.87 

08x 2095 9.70 13.46 38.76 

Tab le 13 shows the mineral constftuents of the specimens. The specimens were molded by 
hand. The tests were performed on the specimens that had been subjected to compressive 
strength tests fırst. 

For the fourth set, kaolin was mixed with #3 clay (25 % ), and nepheline syenite (3.5 

%) and white silica (3.5%) as fluxing agents (Tab le 19). 1\vo temperatures were utilized for 

these experiments: 1900 °F and 2175 °F. As seenin Figure 93, a relatively lower water ab-

sorption was achieved at lower temperatures, which is the desirable goal in making brick. 



151 

The water absorptions were calculated between 33.72 and 27.16%. These specimens were 

molded by the extruder with no vacuum. 

'nable 19: Water absorption (wt%) for experimental brick in the fourth set. Absorption tests were 
performed at room temperature, approximately ıs oc. 

SAMPLE CONS1TI1JENT FIRING FIRED WATER 'll , TEMP. WEIGHT SATUR. ABSORP. 
rF> (Wf) gr. l4Hrs 

(Ws) gr. 

Ml* Kaolin 1900 60.55 79.50 31.30 
##3 clay 

Neph. syenite 
White silica 

M2* Kaolin 1900 26.10 34.90 33.72 
#3 clay 

Neph. syenite 
White silica 

M3* Kaolin 2175 27.80 35.35 27.16 
##3 clay 

Neph. syenite 
White silica 

The specimens were extruded without vacuum. 

For the last set, kaolin was mixed with #3 clay (10% ), and separately with #3 clay (10 

%) and nepheline syenite (5 %) as fluxing agents (Tab le 20). Three temperatures were uti-

lized for these experiments: 1900 °F, 2048 °F and 2150 °F. The water absorption percentages 

in kaolin and #3 clay mixture were determined as 42.06, 38.40 and 32.87 %, w hile the water 

percentages in kaolin, 113 clay and nepheline syenite miXture were determined as 40.38, 

33.79 and 32.48 %. As seenin Figure 93, kaolin (85% ), #3 clay (10%) and nepheline syenite 
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(5 %) mixture provided tower water absorption rates than that of kaolin (90 %) and #3 clay 

(10 % ), indicating a high fluxing function property of nepheline syenite which provided a 

more glassy matrix to tower the porosity in the fired brick product at lower temperatures. 

Concordantly with the other experimental sets, there is an inverse re la tionship between firing 

temperatures and water absorption in this set as shown by Figure 93. 

Table 20: Water absorption (wt %) for experimental brick set five. Absorption tests were per­
formed at room temperature, approximately 25 °C. 

SAMPLE FIRING TEMP. FIRED WATER % 

• rF> WEIGBT SATUR. ABSORP • 
(Wf)gr l4Hn 

(Ws) gr 

o1ovı 1900 13.10 18.61 42.06 

030Y' 2048 12.50 17.30 38.40 

040. 2048 10.95 14.65 33.79 

oso• 2150 11.70 15.50 32.48 

070V' 2150 10.80 14.35 32.87 

oso• 1900 10.40 14.60 40.38 

Table 14 shows the constituents of the specimens. The specimens were molded by hand. 

From the average absorption point of view (Tables 16 through 19) for each exper-

imental brick specimen, the following conclusions can be drawn as shown by Figure 93: 

1) The fluxing agents influence the water absorption rates of experimental brick positively, 

with the exception of hydrated lime. 

2) Temperature appears to play a greater role in towering the water absorption. 

3) In inercasing order, talc, nepheline syenite+white silica and #3 clay+nepheline sye-

ni te+ white silica decreases the water absorption in the lower temperatures. 



153 

4) The kaolin {100 %) displays the highest percentages of water absorption after hydrated 

time additive in the clay body. 

5) There is an inverse linear relationship between water absorption and temperature. 

6) Kaolin+#3 clay+nepheline syenite+white s ili ca mixture showsaminimum amount of wa­

ter absorption at lower temperatures. 

6.5.2. Compresslve Strength 

Tabi es 21 through 24 list the compressive strength results of the four sets of exper-

imental b ri ek with or without a fluxing age nt. In the first set of experimental brick containing 

100% kaolin without any additive (Table 21), the compressive strength was determined as 

2206 psi after be ing fired at 2048 °F, 2840 psi at 2124 °F, 4541 psi at 2232 °F and 6296 psi at 

2381 °F, indicating increasing oompressive strength with respect to increasing tiring temper­

ature as seen in Figure 94. 

In the second set of experimental brick {Table 22), the compressive strengths were 

determined as 2947 psi at 2050 °F, 3823 psi at 2175 °F, and 6958 psi at 2350 °F, indicating 

increasing compressive strength compared to the first set because of the nepheline syenite 

and probably white s ili ca (Figure 94 ). This increase was determined as 741 psi at 2050 °F for 

the first two sets. The 6958 psi was the second highest compressive strength that was deter­

mined for these experiments as seen in Figure 94. 

For the third set (Tab le 23), specimen 05, containing 5 % NaCl (by weight) asa flux, 

had the highest compressive strength, 5288 psi at 2095 °F, whereas specimen Ol, containing 

5% talc asa flux, had the lowest compressive strength, 1665 psi at 2095 °F. Moreover, speci-
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men 07, containing hydrated lime asa flux, had the second lowest compressive strength, 

1890 psi at 2232 °F, in spite of high temperature firing. A flux of 5 and 10 % talc in the 

experimental brick body provided a positive proportional relationship between compressive 

strength and temperature as shown in Figure 94. CaC:z, 3787 psi at 2095 °F, and CaCı+hy-

drated lime, 3623 psi at 2095 °F, as fluxing agents were also produced. 

Table 21: Compressive sttength of the fırst set for the fired kaolin without any additive as flux 
showing inercasing compressive sttength together with increasing temperature. 

SAMPLE FIRING TEMP. GROSS LOAD COMPRES-
ll rF> AREA (Lbs) SIVE 

(Sq. la.) STRENGTII 
(Psi) 

ı e 2048 0.3627 800 2206 

ı• 2124 o.5105 14.50 2840 

3. 2232 0.5506 2500 4541 

4. 2381 0.3812 2400 6296 

The compressive sttength test was performed in accordance with ASTM C-67, Standard Test of 
Sampling and Testing Brick and Structural Oay TIIe, by Sunbeit Laboratories, El Paso, Texas, 
for American Eagle Brick Company on June 8, 1993. The major coostituent of the specimens 
is the kaolin (100 %). 
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Tab le ll: Compressive strength of the second set for the fıred kaolin with nepheline syenite and 
white silica as Oux showing iııaeuing compressive strength together with inercasing tem­
perature. 

SAMPLE FIRING TEMP. GROSS LOAD COMPRES-
tl rF> AREA (Lbs) SIVE 

(Sq. la.) STRENGTH 
(Psi) 

20. 2050 4.31 12700 2947 

21. 2175 3.95 15100 3823 

23. 2350 3.78 26300 6958 

The compressive strength test was performed in acrordance with ASTM C-67, Standard Test of 
Sampling and Testing Brick and SUııctural Oay Tile, by 'Dıonoy R. Anderson Consultants, Ine. 
Geotecbnical and Eovironmental Eogineers, 4601 Ripley, El Paso, Texas 79922, @ (915) 
584-1317, for American Eagle Brick Company, on May 17, 1993, (Lab No. 65012 and File 
No. 93105). 

Table 23: Compressive strength of the third set forthe fired kaolin with talc, salt, CaOı, and hy­
drated lime as Oux. 

SAMPLE FIRING TEMP. GROSS LOAD COMPRES-
tl ("F) AREA (Lbs) SIVE 

(Sq. la.) STRENGTH 
(Psi) 

Ol* 2095 3.()625 5100 1665 

02* 2232 2.4375 11100 4554 

03+ 2095 3.0625 7500 2449 

04+ 2232 3.1719 12200 3846 

oso 2095 27422 14500 5288 

06® 2095 26406 10000 3787 

07+ 2232 25391 4800 1890 

08x 2095 25391 9200 3623 

The compressive strength test was performed in accordance with ASI'M C-67, Standard Test of 
Sampling and Testing Briek and Structural Oay Tile, by Danny R. Anderson Consultants, Ine. 
Geotecbnical and Eovironmental Eogineers, 4601 Ripley, El Paso, Texas 79922, @ (915) 
584-1317, for American Eagle Briek Company on June 4, 1993, (Lab No. 65266 and File No. 
93105). See Table 13 for the mineral constituents. 
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For the fourth set (Table 24), the compressive strengths of experimental brick speci-

mens containing the kaolin, 113 clay, oephelioe syenite, and white silica, were determined as 

2734 psi and 3617 at 1900 °F, which is a desirable compressive strength at low temperatures 

(Figure 94 ). These specimeos were extruded by the experimental extruder with no vacuuın. 

'Da b le 24: Compressive sıreogth of the fourth set fıring kaolin with #3 clay, nepheline syenite, and 
white silica as flux. 

SAMPLE FIRING TEMP. GROSS LOAD COMPR.ES-, rF> AREA (Lbs.) SIVE 
(Sq. In.) STRENGm 

(Psi) 

Mb~· 1900 1.7554 6350 3617 

M2* 1900 1.5182 4150 2734 

M3* 2175 0.6375 6100 9569 

aıt ? 3.9818 4000 1005 
(Oıihuahua 

white). 
The compressive strength test was performed in accordaoce with ASI'M C-67, Standard Test of 
Sampling and Testing Brick and Structural Cay Tile, by Sunbeit Laboratories, El Paso, Texas, 
for American Eagle Brick Company, on June 8, 1993. 

For the last set (Tab le 25), the strengths were determined as 1272 psi at 1900 °F, 2394 

psi at 2048 °F and 3166 psi at 2150 °F for the first group containing kaolin (90 %) and #3 clay 

(10% ). For kaolin (85% ), #3 clay (10%) and nepheline s yeni te (5 %) mixture, the com pres-

sive strengths were determined as 1908 psi at 1900 °F, 2101 psi at 2048 °F and 3272 psi at 

2150 °F, indicaling relatively higher compressive strength at lower temperatures with the 

addition of nepheline syenite as a fluxing agent (Figure 94). 
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1able 25: Compressive strength of the fifth set fıring kaolin with 113 clay, and with 113 clay and 
nepheline syenite. · 

SAMPLE FIRING GROSS LOAD COMPRES-, TEMP. AREA (Lbs.) SIVE 
rF> (Sq. IL) STRENGTH 

(Psl) 

010~ 1900 2.0042 2SSO 1272 

030~ 2048 2.2553 5400 2394 

040C 2048 1.9995 4200 2101 

osott 2150 2.1855 7150 3272 

070~ 2150 2.0848 6600 3166 

080tl 1900 2.2010 4200 1908 

To make a comparison between the Chihuahua white brick and the Kline Mountain 

kaolin brick, a compressive strength test was conducted on the Oıihuahua white brick. lt was 

determined to be 1005 psi, which is weak under the required standards for all weathering 

grades, Negligible Weathering, Moderate Weathering, and Severe Weathering (Figure 95). 

This white brick was reported to have been firedin excess of2000 °F (pers. comm., Dr. G. F. 

Cudahy, June, 1993), but this information has not been confirmed. Thus, the reported firing 

temperature should be taken into account with precaution until it is verified. 
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Figure 94: Graph showing the compressive strength versus the fıring temperature. 
Note the proportionallinear relationship between these two parameters, depend­
ing on the presence or absence of various fluxes. 
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6.6. Discussion of the Clay-Firlng Experiınents 

About half of American Eagle 's brick is sold in the El Paso area. The other half is sold 

to locations as far east as Dallas, Texas and as far north and west as northem New Mexico, 

Arizona, Nevada and Califomia. The company also sellsa relatively smail amount ofbrick to 

Mexico (pers. comm., Dr. G. F. Cudahy, June 12, 1992). As seenin Figure 95, the company's 

market is primarily located in the Moderate Weather (MW) and Negligible Weather (NW) 

regions. 

The main goals of these experiments were to check compressive strength, firing co I­

or, and water absorption of the experimental brick made from the Kline Mountain kaolin 

with or without a tluxing agent. Figure 94 demonstrates the compressive strengths of the 

experimental brick specimens with respect to temperature. As shown in the figure, there is a 

proportional linear relation between compressive strength and temperature. Kaolin+#3 

clay+nepheline syenite+white silica shows the highest compressive strength at lower tem­

perature (2734 and 3617 p;i at 1900 oF) which is higher than the required compressive 

strength (2500 p;i for Grade SW, 2200 p;i for grade MW, and 1250 p;i for Grade NW). As 

seen in Figure 94, kaolin+#3 clay and/or #1 clay with nepheline syenite plus white silica 

should be the best prescription for compressive strength at low temperature. Thus, this mix­

ture appears to be not only favorable for lowering the water absorption but also for providing 

highest compressive strength at low temperature, both of which are desirable physical prop­

erties in making brick. In addi tion, #3 clay improves plasticity and green strength of brick 

made from Kline Mountain kaolin. 
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The fired brick: specimeos aJso demoostrated excellent white color properties. The 

bright whiteness of the fired specimen can give more market flexibility to the local brick 

company to produce various shades of white colored brick from this kaolin by adding from 

15 to 50 % of #3 and/or #1 clay with nepheline syenite to the kaolin so that a complete range 

of white to gray colored brick can be produced. This has the additional advantage of lower­

ing the cost of producing of white brick:, because the #3 clay has negligible transportation 

cost to the firing plant. 

The water absorption is .the only physical property determined high for the speci­

mens. However, all the brick specimens were prepared without using a vacuum which can 

reduce the porosity in a brick: body and thus reduce water absorption. As seen in Figure 93, 

water absorption is determined in the lowest percentages at lower temperatures in the speci­

mens containing kaolin+#3 clay+nepheline syenite and white silica, indicaling #3 clay and 

nepheline syenite function asa fluxing agent and reduce water absorption, possibly filling in 

the pores in the specimen by providing a more glassy material at the lower temperature. 

Thus, using #3 clay and/or #1 cl ay in various percentages from 15 to 50 percent with nephe­

line syenite and by extruding and vacuuming the brick gives not only color manipulation but 

also reduces the water absorption. By using these clay mixtures followed by extrusion with 

vacuum, water absorption should be reduced in the fired brick to the required limit and poss­

ibly lower than the required limit which is 20 percent for Grade SW, 25 percent for Grade 

MW, and no Iimit for Grade NW. 
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The secondary goals of these experiments were to qualitatively evaluate the plastic­

ity, green strength, workability, ·and extrudability of the experimental brick made with the 

Kline Mountain kaolin with or without fluxing agent. The experiments have determined that 

the experimental brick specimens made with the KI ine Mountain kaolin have the plasticity, 

green strength, workability and extrudability properties needed for utilization by the brick 

industry without any defects as a result of firing and chemical composition. The specimens 

were extruded by a laboratory extruder and molded by hand without any defect, indicating 

appreciable plasticity, workability, and extrudability properties. Moreover, no defects dur­

ing processing were observed in the molded and extruded wet clay body (green-ware) attest­

ing to the clay's adequate green strength. 
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Figure 95: Weathering indexes in the United States (ASTM Standard Specifications for brick and 
applicable Standard Testing Methodsfor units and masonry assemblages, 1975). 
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PROCESSING AND ECONOMIC EVALUATION 

7.1. American Eagle Brick Company 
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The American Eagle Brick Company is situated on the eastem flank of Cerro de Cris­

to Rey, Dona Ana County, New Mexico (Figure 96). lt is located about two mil es west of the 

UTEP campus. The plant is found on the west side of the Rio Grande (Figure 97). Brick has 

been manufactured at this same location from 1897 unti11990 by ElPaso Brick Company, 

and since 1990 as the American Eagle Brick Company. 

In making brick, the company has been exploiting the Mesilla Valley shale and the 

Anapra shale/sandstone formations of Cretaceous age on the flank of the andesitic laccolith 

of Cerro de Cristo Rey. The formations have suffered very little low grade contact metamor­

phism by the Cerro de Cristo Rey intrusion and uplift. Ntsimanyana {1990 a and b), Lovejoy 

(1976), and Bames et al. (1991) can be referred to for detailed information on the geology of 

the Cerro de Cristo Rey and also for the brick production process of American Eagle Brick 

Company. 
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Figure 96: Location map of the American Eagle Brick Company. 
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Figure 97: The view of the Rio Grande showing the location of the American Eagle Brick 
Company. Cerro de Oisto Rey is in the background view to southwest. Immediate­
ly adjacent the ri ver in the far distance is the Mexican brick company in the audad 
Juarez, Productos de Barro Industrializados, S.A 
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7.1.1. Processing and Production 

Brick production of the Company is conducted by seven major processes from min­

ing to final products, fired brick ,as shown by Figure 98. Mining has been performed by open 

pit methods producing about 3000 m tons per month. Stockpiling prepares the raw material 

by eliminating the cobbles and boulders easily during sieving as well as keeping the opera­

tion going under adverse weather conditions. After the shale and/or clay is milled to about 2 

mm grain size, it is stored in silos. The clay, water and additive A (sulfo Iignate, to stabilize 

soluble salts in the clay during drying) are combined in a pug mill, then the excess air is re­

moved in a vacuum chamber. 

In the next step, the plastic paste is continuously extruded in an extruder. For the 

brick to be extruded, the clay or shale must have a fair degree of plasticity. The shape of the 

brick can be deterınined by the optional dies. Then, the brick cutter cuts up to 18 bricks from 

the extruded brick shape column per cutter cycle. Approximately 65,000 bricks are loaded 

on to the kiln cars per 8 hour day. 

The green brick enters the 13 car long dryer and the temperature is raised gradually 

from 80 °F to 270 °F. From the dryer, they enter the 13 car long gas fired kiln, and the temper­

ature is raised gradually to about 1975 °F. The duration of time in the kiln is 1.5 days. At the 

exit e nd of the kiln, the b ri ek is cooled where aportion of the hot air is circulated to the dryer 

and the rest is carried to the buming seetion and is subsequently exhausted along with the 

gases of combustion to the atmosphere near the entrance end of the kiln. 
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Some coloring agents such as manganese oxide and iron oxide are used to produce 

various color ofbrick. The compressive strength of the brick ranges from 10,000 to 15,000 

psi (pounds per square inch). 

The production is reported as 1.25 million bricks per month, as shown below. The 

company is currently employing over 40 people. In brick production, natural gas is used for 

heat energy and electricity is used for motivation energy. 

Brick Production• 

1,250,000 brick.monıh-1 x 12 months.year-1 = 15,000,000 brick.year-1 
15,000,000 brick.year-1 1250 days.year-1 = 60,000 brick.day-1 

(10% production loss) 
90% (yield) x 60,000 brick.day-1 = 54,000 brick.day-1 

• Dr. G. F. Cudahy, the President of the American Eagle Brick Company (pers. comm., 
June,1993). 
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Tailings 

5. Fabrication 

Dryer 

Figure 98: Steps in the manufacture of brick at American Eagle Brick Company (modi­

fied from Ntsimanyana, 1990 a). 
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Brick production and shipments in the U.S.A are shown in Table 26. 

Table 26: March suınmary of brick production and shipments in the USA (BIA • News, June 
1993)1• See Figure 99 for BIA Region. 

B lA 

~ 
ToUI U.S. 
1,2,3 
4 
5 

' 7A 
7B 
7C 
&,9 
lO 
ll,llA, 18 
ll 
13-17 

Productiolı 

(J ,000 brick) 

535,193 
28,484 
30,798 
15,089 
10,758 
2S,984 
71$12 
52,39S 

153,273 
22,273 

1J0,120 
2,812 
5,835 

MARCHJ.m 

Slıipmots 
(1,000 brick) 

462,491 
17,381 
24,832 
12,053 
8,202 

20,946 
69,384 
44,792 

131,245 
22,504 

101,853 
2,522 
6,m 

• B lA-B ri ek lndustry Association 

1Issued May 13, 1993 

Value or 
s.ipmaıts 

($1,1100) 

64,086 
3,SOS 
4,S55 
1,743 
1,361 
3,017 

11,392 
5,726 

14,967 
2,838 

12,600 
539 

1,843 

1993 YEAR TO DA TE 

Value lll 
Productioa Slıiplllfllts Sbipııaeıats 
(1,000 bridt) (1,000 brick) ($1,1100) 

1,371,575 1,199,999 159,943 
60,794 471J73 9,196 
81,429 59,232 10,974 
43,259 30,753 4,<403 
33,973 24,402 4,145 
11,SS1 63,568 8,970 

190,514 180,953 2S,SJ2 
113,754 105,153 13,176 
412,613 365,180 41,548 
55,918 56,474 7,017 

287,829 245,254 30.160 
14,100 15,180 2,999 
5,8S3 6,m 1,843 



Figure 99: Brick Institute of Arneri ca Regional Associatioos (Cıristine A Subasic, written 
comınunication, June 1993) 
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7 .2. Economic Analysts 

The degree of success of any new project will ultimately depend on the underlying 

economic strength of the project as well as how successfully the parties involved can coordi­

nate their interests. In the case of the kaolin deposit which had been used only sparingly by 

industry, the most striking attractions are its convenient location ( crossed by NM Highway 

59), large reserves, high brightness, cheap e:xtraction methods, and readiness to be sold. Fur­

thermore, there are no claim and flood water problems. 

When a kaolin has been found to be of a certain industrial type and grade, the question 

immediately arises as to its possible market potential. The kaolin may be sold to some clay 

producer or directly to a firm using the clay in his product. The owner of the deposit may 

mine and ship the kaolin; or the buyer may do the mining and shipping and consequently pay 

a specified royalty per ton. That is, economic factors affecting kaolin deposits vary in im por­

tance with type, quality, and intended end use. 

Brick, especially the common varieties, are made from a wide range of clays and 

shales. Occasionally, two or three more clays are blended, but the ideal is to use one clay or 

shale, if possible. The building-brick industry is the most localized of all ceramic industries. 

Thus, the cost of transportation will probably be an important factor in the future for the 

Kline Mountain kaolin deposit to be competitive. 

The purpose of this analysis is to evaluate the mine in accordance with white brick 

production under today's economic conditions and to determine whether or not it would be 

economically viable in terms of projected conditions. 
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7.2.1. Clay Reserves 

For a clay deposit to be utilized in the brick industry, a sufficient reserve is one of the 

principal requirements. Thus, the reserve calculation has been done as the first part of eco-

no mi c anal ysis. 

7.2.1.1. Tonnage-Grade Calculation 

The volume and tonnage of 11 probable ore 11 was calculated by triangular blocks as 

outlined by Patterson (1959). Plate 4 shows these blocks ata scale of 1:1500. 

First, the average mineral compositions of the drill core samples in the kaolinization 

zone were determined as shown by Tab le 27. Then, the differences in mineral compositions 

Table 27: Average mineral compositions of the drill core samples. 

AVERAGE MINERAL COMPOSITIONS OF DRILL CORE SAMPLES (AMCDC) 
(RS-1 TIIROUGH RS-VI) 

Kaolinile Alu ni te S ili ca Accessories Total 

38.58 19.30 40.52 0.72 99.12 

of the drill core samples between RS-1 and the averages were calculated to determine the 

variability of the mineral contents in the deposit as shown in Tab le 28. The kaolinization 

zone depth, 48 m, in the drill core (Figure 16) was tak:en as the average depth for the triangu-

lar blocks (Table 29). 
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Table 28: Differences in ~ compositions between the averages in 'Dlble 27 and the swface 
samples (RS-1). 

DIFFERENCES IN MINERAL COMPOSmON BETWEEN RS-1 AND AMCDC 
(AMCDC)-(RS-1) 

Kaolfnite Alu ni te Silic:a Accessorles 

+7.61 +4.60 -12.73 +0.10 

Table 29: Averages mineral percentages of the triangles. 

SAMPLE DEYI'II KAOLINITE ALUNITE sruCA ACCESSORIES 
(h) ( .. ) la•( .. ) (CJG>) h•('1P) ('fp) la•(CJG>) (CJG>) la•(CJG>) 

SM200 48m 34.34 1648.32 17.32 831.36 44.87 2153.76 0.69 33.12 

3Tkm3 48m 47.37 2273.76 5.56 266.88 41.30 1982.40 1.05 50.40 

Zfkm4 48m 50.28 2413.44 7.43 356.64 35.32 1695.36 2.04 97.92 

Total 144m 6335.52 1454.88 5831.52 181.44 

AMC 44.00 10.10 40.50 1.26 

Average depth (AD): 48 m (from Figure 16) 
Average mineral composition (AMC): 6335.521144=44.00 % kaolinite 

SAMPI.E DEYI'II KAOLINITE ALUNITE Sll.ICA ACCESSORIES 
(h) (~) la•(CJG>) (CJG>) la•('1P) (CJG>) la·(~) ( .. ) la•(CJG>) 

SM200 48m 34.34 1648.32 17.32 831.36 44.87 2153.76 0.69 33.12 

3Tkm ı 48m 11.33 543.84 53.66 2575.68 30.98 1487.04 0.56 26.88 

ZJ'km4 48m 50.28 2413.44 7.43 356.64 35.32 1695.36 2.04 97.92 

Total 144m 4605.60 3763.68 5336.16 157.92 

AMC 31.98 26.14 37.06 1.ıo 
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SAMPLE DEPTH KAOI...INI'TE ALUNITE SIUCA ACCESSORIES 
(la) (") lt•(") (") lle(") (") lt•(") (") lt•(") 

3Tkm3 48m 47.37 ']27j.76 5.56 266.88 41.30 1982.40 1.05 50.40 

ZI'km4 48m 50.28 2413.44 7.43 356.64 35.32 1695.36 2.04 97.92 

CS200 48m 41.01 1968.48 18.01 864.48 35.22 1690.56 0.87 41.76 

Total 144m 6655.68 1488.00 5368.32 190.08 

AMC 46.22 10.33 37.28 1.32 

The calculated mineral compositions of the surface samples in Table 3 were adjusted by ad-

ding or subtracting the values shown in Tab le 28, to more truly reflect the average composi-

tion in the subsurface. Each of the surface samples so modified represents the apex of a 

triangle used in the reserve calculation. In the following step, the average percentages of the 

m inerals were determined for each of the ni ne specified (blocks) triangles in Plate 4 (Tab le 

29). Next, the volume and the tonnage of the ore were calculated from the areas of the trian-

gular blocks (Tab le 30). For the tonnage calculation, the depth of the blocks is assumed to be 

48 m and the density of kaolin was determined as an average of 1.22 glcc. 

On the basis of average grade, the available contained mineral weights of the kaolin 

deposit were determined as shown by Tab le 31. For the economic analysis, the tonnage was 

reduced by 50 % due to the possible mining loss caused by overburden, presence of NM 59 

right of way, difficulty of deep mining, and also siliceous and alunitic zones. Theoretically, 

the gross value of the deposit after mining loss was based on the recent structural clay price 

and the tonnage calculated (Table 32). 
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'nlble 30: 'Ibe volume and toonage of triangles. 

ı 262.5 27169 1304112 1591017 
207.0 

2 259.5 10899 523152 6382451 
84 

3 168 8820 423360 516499 
52.5 

4 93 2651 127248 155243 
57 

5 181.5 6398 307104 374667 
35.25 

6 162 7047 338256 412672 
87 

7 211.5 15228 730944 891752 
72 

8 255 18934 908832 1108775 
148.5 

9 255 10710 514080 627178 
84 
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18ble 31: The available contained mineral weights (Tonnage taken from Table 30 and 
AMC taken from Table 29). 

Proven ore is calculated by the following equation: 
Tonnage x AMC x 0.01 = 1591017 x 44.00 x 0.01 = 700047 m tonsfor the kaoli­
nite content of the lst triangle. 

ı 160693 644362 20047 

2 204111 166837 236534 7021 

3 167656 114714 206600 7334 

4 65745 16037 64286 2360 

s 127162 58973 167214 4196 

6 160612 72630 157434 4870 

7 385950 178261 292941 9720 

8 467570 201132 390289 9314 

9 289882 64787 233812 8279 

1 T = 6,316,048 m tons (from Table 30) cr (2,568,735m toos /6,316,048 m tons) X 100% = 40.67% 
for the kaoJinite average percentage. 

Table 32: The value of available kaolin after mining loss. 

ORE PRICE($) TONNAGE (mton) GROSSVALUE 
(From 'Thble 30 ($) 
reduced to 1/2) 

Kaolinitic clay 5.18*(fob) 3,158,024 16,358,564 
(kaolinite, silica, 

alunite, and accesso-
ries) 

• personal communication, Robert L. Virta, U.S. Bureau of Mines, on June 21, 1993. 
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7.2.2. Mine Ufe 

The company' s production is 1,250,000 bricks per month. Each brick weighs 4.6 lbs, 

which is called king size brick. Therefore, the company needs to recover S, 7SO,OOO lbs of 

clay (2,87S short ton or 2,608 m tons, 1 metric ton (m ton)= 220S lb) to manufacture the 

monthly brick production. For a year, the company needs to recover 31,296 m tons of clay. 

Due to the recovered clay loss asa result ofloading, transporting, dumping, grinding, proces­

sing and extruding, the company requires 36,000 m tons of clay per year to meet i ts annual 

clay need, including the above stated mining losses, which comprises lS % of 31,296 m tons 

ofclay. 

Due to the possible minipg loss caused by overburden, right of way of the road NM 

S9, difficulty of deep mining, siliceous zone, and alunitic zones the reserve of the clay depos­

it is reduced SO % to 3,1S8,024 m tons as shown in Table 32. Thus, mine life can be calcu­

lated as shown by the following equation: 

From Table 32 17 3,1S8,024 mtons/36,000 m tons.year-1 e: 88 years 

7 .2.3. Cost of Goods 

In order to calculate cost per thousand bricks sold, the following calculations are 

made to estimate the elements of the cost. The elements of the cost for the clay deposit are: 

mining (Table 33}, royalty (Table 34), environmental (Table 3S}, loading (Table 36} and 

transportation (Table 37). Costs for mining were estimated from Stebbins (1987). The fol-
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lowing are the costs associated with production ofbricks at the plant: labor (Table 38), natu­

ral gas (Table 39), electricity (Table 40), additives (Table 41), cost of #3 and #1 local clay 

(Table 42), and packaging (Table 43). Fuel and lubrication were estimated from Stebbins 

(1987). Afterwards, the estimated cost of goods sold was based on mine and plant costs 

(Table 44) per thousand white brick made with Kline Mountain clay by the American Eagle 

Brick Company with a small amount of local clay from Cerro de Cristo Rey. All costs are 

converted to 11 per thousand 11 king size bricks, each of w hi ch is 4.6 pounds weight. Operating 

expenses (Tab le 45) were estimated as 25 percent of the gross revenue per year, as indicated 

by Dr. George. F. Cudahy, President of American Eagle Brick Company. 

The calculation of annu.al net ineome and operating cash flow was based on the 

American Eagle Brick Company 's calculations (Tab le 46), w hi ch is s imilar to that employed 

in standard references such as Peters (1987). The investments necessary for utilizing Kline 

Mountain clay production are as shown by Tab le 47. The net present values were calculated 

under the assumption that all estimated costs, revenues, and reserve are reasonably accurate. 

Of the two calculated net present values, one was determined by the Hoskold factors (Tables 

48 and 49). The determination of the discounted cash flow returo on investment (Tab le 49) 

was based on an equation taken from Peters (1987). 
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7 .2.3.1. Mining Cost 

The clay deposit is in an area ofmoderate reliefwith warm summers and mild, snowy 

winters. The cost of mining is estimated as $1.00 per metric ton for the brict company (Tab le 

33). lt is assumed that the daily clay recovery will be 1,000 mtoos with the company's al-

ready owned equipment • seen below (Dr. George F. Cudahy, pers. comm., July 1993): 

Dozer operatorl($18.75 per hour x 8 hours per day) 

Fuel (200 galloos per day) 

Maintenance and labor 

Arnortize equipment haul ($1,000 per year) 

Food, clothes, water, ge~rator, camping, 

lost time and general services ete 

Total 

$1SOperday 

$200 perday 

$200perday 

$30perday 

$420perday 

$1,000 per day 

The planned production is 1,000 mtons per day; therefore, the cost of a metric ton of 

clay is estimated as $1.00 per ton. In order to calculate the costs of one brick ( 4.6lbs) and one 

thousand bricks, a dollar per metric ton is divided by 2,205 lbs which yields $4.53514 X t0-4 

Ib-ı. Then, a pound value is multiplied by 4.6 lbs. Since 75 percent of a brick: is assumed to 

contain KI ine Mountain clay, the brick: cost is multiplied by O. 75 and the result is multiplied 

by a thousand to get the mining cost of one thousand bricks. A mining loss of lS percent is 

also tak:en into account for one thousand bricks, as shown below: 

r0perator bourly burdened wage is $18.42. It is assumed as $18.75 per bour for 1993 (Westem 
Mine Engineering, Ine., 1992). 
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Table 33: Mining COit per tlıousand bricks. 

Mlalaa• 
(oDiy coulsts ot ripplng, pusblq aad selectlq wlth buUdozer) 

$1.00 mıon-1 = ($4.53514 x 1o-'lb-1 )1 
4.6 lbs x $4.53514 X lo-'lb-1• $2.08616 x to-3 per king size brick2 (hereafter 

brict) 
O. 15 X $2.08616 x 1o-3 = $0.00156462 per brick: (Kline Mountain clay portion)l 
1,000 brick: x $0.00156462 per brict= $1.5646 per thousand bricks 

(lS 96 mining loss) 
$1.5646 per thousand bricks X 1.15 = $1.7993 per thousand bricks 

•Estimated from Peters, 1987, pp. 267. 

Table 34: Royalty cost per tlıousand bricb. 

Royalty• 
(See Appeadlx 3 for daim maps or the day deposlt) 

$1.00 mton-1 = ($4.53514 x 10-'ıb-1 )1 
4.6 Jbs X $4.53514 X 10-' Jb-1 • $2.08616 X 1Q-3 per brick2 
0.75 x $2.08616 x 10-3 = $0.00156462 per brick ( Kline Mountain clay portion)l 
1,000 bricks x $0.00156462 per brick= $1.5646 per thousand bricks 

• Estimated by Dr. G. F. Cudahy, President of the American Eagle Brick Company 
(pers. comm., June,1993). 

rı metric ton = 2,205 pounds 

2 The company manufac:tures primarily the standard size brick ( also known as king size brickh 
wbich is 2.625 by 3.00 by 9.625 inehes in size and weigbs 4.6 pounds, for residential constnıc­
tion. However, it also produces standard modular size brick, that is smaller than the king size 
brick, for conımercial maıtets sudı as bank, school and office construction. All units in this eco­
nomic analysis were calcula1ed with respea to the king size brict. 

3 According to the firing experiments (Figure 93 and 94h good results were achieved with 25 ~ 
use of #3 local clay (Cerro de Cristo Rey). Therefore, it is assunıed that white brict coosists of 
75 percent of Kline Mountain clay and 25 ~ of #3 and/or #1 of the local clay. 
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The mining operation tates approximately 2 montbs in the summer season of eacb 

year to recover annual clay production to meet the company's yearly need; tlıerefore, canıp­

ing is usumed to be sufficient. Thus, tentand camping equipment is needed, in addition to a 

storage shed with an estimated cost of $1,013 per year. 

As stated previously, there are no electricity facilities in the mine area. Hence, it is 

assuıned that camp electricity will be provided by a geııerator at a estimated cost of $2,700 

per year. Finally, it is assumed that potable water can be provided eitlıer by a close creet or 

ground water at an estimated ~t of $1,620 per year. 11ıese supplemental cost figures are 

estimated as intermediate values and taken from Stebbins (1987). 

In order to calculate the supplemental costs of a thousand bricks, all these units are 

reduced to 1,000 bricks. 'Ibe company makes 13,500,000 bricb per year. Thus, the supple­

mental costs in Table 44 are determined per thousand bricks. 
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7 .2.3.2. Envlronmental Cost 

Environmental <XlSts elemeota are listed by tbe Bureau ofMines Information Circular 

(lC 9142, 1987), as surface water, ground water, air quality, geology, soil, vegetation, wild 

life, visual, archeological, and socioeconomic. lt is aJso stated that environmental <XlSts can 

vary drastically with respect to tand type and mining impact. 

As previously stated, Kline Mountain clay deposit is located in the Gila National For-

est. For a projectina national forest, Paulsen (1982) reported that tbe environmental cost for 

an operational phase is between $20,000 and $50,000 per year. He also stated environmental 

cost from $10,000 to $30,000 per year for closure and reelamation phase. 1be environmental 

costs figures below are moderate range estimates from published case study figures by Paul-

sen (1982). 

Table 35: Eııvironmental C08t per thousand bricb. 

Envlronment• 

Operating plıase .................................................. $36,000 year-1 
aosure and reelamation phase .......................... $18,000 year-1 

Total ............................................ $54,000 year-1 

$54,000 year 1 36,000 mton.year-1 = $1.50 mton 

$1.5 mton 12205 Ib = $6.80272 x 10-4Ib-ı 
$6.80272 X 10-4 lb-1 X 4.6 Ib = $3.12925 X 10-3 per brick 
0.75 x $3.12925 x 1o-3 = $2.34693 x 1o-3 per brick (Kiine Mountain clay portion) 
1,000 bricks x $2.34693 x ıo-3 = $2.3469 per thousand bricks 

• Estimated from Bureau of Mines Information Circular (lC 9142), 1987 and Paulsen, 
1982. 
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7.2.3.3. Loadlng Cost 

The company will employ its own loader, whose bucket capacity is 10 tona. Opera-

tion time of the bucket is 4 minutes every time. A full workday is assumed to be 8 hours. 

Thus, the loader is esüma&ed to load 1,000 tona per day including breats at predicted daily 

costs below (Dr. O. F. Cudahy): 

Loader operatorl($18. 75 per hour x 8 hours per day) 

Fuel (200 gallons per day) 

Maintenance and labor 

Amortize equipment haul ($1,000 per year) 

F~ clothes, water, generator, camping, 

lost time and general services ete 

Total 

$150 perday 

$200 perday 

$200 perday 

$30 perday 

$420perday 

$1,000 per day 

As previously stated, the planned clay production is 1,000 mtons per day. Therefore, 

loading costs is estimated as $1.00 per metric ton. In order to calculate the cost of one brict 

( 4.6 Ib) and one thousand bricks, a dollar per metric ton is divided by 2,205 lbs which yields 

$4.53514 x 10-4 Ib-1. Then, apound value is multiplied by 4.6 lbs. Since 75 percent ofa 

brick is assumed to contain Kline Mountain clay, a brick cost is multiplied by O. 15 and the 

result is multiplied by a thousand to get the one thousand bricks loading cost, as shown be-

lo w: 

rOperator hourly burdened wage is $18.42 It is assumed as $18.75 per hour for 1993 (\\Giei1i 
Mine Engineering, Ine., 1992). 



186 

Table 36: l..oading CO&t per thousaDd bricb. 

Loadlog• 
$1.00 mıon-1 = ($4.S3S14 X to-' lb-1 )1 
4.6 lbs X $4.53514 X to-' lb-1 • $2.08616 x to-3 per brict2 
0.15 x $2.08616 x to-3 = $0.00156462 per brict ( Kline Mountain clay portion)l 
1,000 bricks X $0.00156462 per brict= $1.5646 per thousand bricb 

• Estimated by Dr. G. F. Cudahy, the President of the American Eagle Brick Company 
(pers. comm., June,1993). 

rı metric ton = 2,205 pounds 

2 The company manufactures primarily the standard size brict ( a1so known as king size brict), 
wbich is 2625 by 3.00 by 9.625 inehes in size and weigbs 4.6 pounds, for residential constnJc.. 
tion. However, It alao produce8 standard modular size brict, that is smaller than the king size 
brick, for comınercial markets such as bant, school and offioe coostruc:tion. All units in this eco­
nomic analysis were caJaılaıed with respect to the king size brict.. 

3 According to the fıring experiınents (Figure 93 and 94), good results were adıieved with 25 % 
use of 113 local clay (Cerro de Qisto Rey). Therefore, it is assuıned tbat white brict consists of 
75 percent of Kline Mountain clay and 2S % of 113 and/or lll of the local clay. 

7 .2.3.4. 1ransportation Cost 

The Kline Mountain clay deposit is located about 170 miles away from El Paso, 

where the American Eagle Brick Company is located. Since trucking charges are usually 

computed in terms of round trip miles, the round trip mil es (340 miles) are used to de termine 

rates from a graph by Schumacher (1993). In order to determine the total cost to haul a short 

ton of clay 170 miles one way,. the canier revenue minimum potential rate per ton mile 

($0.038) is found from the grapb for a 340 mile distance, and this revenue is multiplied by 

340 (Figure 100). 
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.Fipre 100: Tnmsportatioa cost for trucks for 1993 showing carrier cbarge in cents per 
ton-nıile versus round-trip distance in miles (Sdıumacber, 1993). 
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In order to estimate the transportation cost of one thousaod bricts Klioe Mountain 

clay portion, transportation oosts is converted to a pound by dividing $12.92 per ton into 

2,000 poundL Tbe traosportation costs per pound is multiplied by 4.6 pouodl. The result is 

multiplied by O. 15. For one thousand bricb transportation cost, a brick: cost of Klioe Moun­

tain clay portion is multiplied by 1,000 as shown below: 

Table 37: Transpor1atioa cıost per tbousand bricb. 

Transpor1atloa• 
340 miles (round trip) x $0.038 sıon-1 = $12.92 sıon-1 
$12.92 sıon-1 1 2,000 tbsı = $6.46 x 10-3 tb-1 
$6.46 x 10-J ıb-1 x 4.61bs = $0.029716 per brick 
0.15 X $0.029716 per brict = $0.022287 per brict (Kiine Mountain clay portion)* 
1,000 bricks X $0.022287 per brick = $22.29 per thousand bricks 

• Derived from Scbumaclıer (ed), 1993. * It is assumed that white brict consists of 75 percent of Kline Mountain clay and 2S 
percent of 1#3 and/or 1#1 of local clay. 

rı s1ıort ton = 2,000 pounds 
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'Dable 38: Labor C08t per tbousaod bricb. 

Labop 

Grinding 2 people 

Mining 2 people 

Extruding 2 people 

Loading kiln cars 6people 

Unloading cars for packaging 6 people 

KiJn 4 people 

Supervisors 2 people 

Total 24 people 
24 people X $6.oo- b-ı X 8 b.day-ı = $1,152 day-ı 
$1,152 day-ı X 2SO days.yearı = $288,000 year-ı 
$288,000 year-ı x 15,000,000 bricks.year-ı= $0.0192 brict-ı 
1000 brick: x $0.0192 brick:-ı = $19.2 per thousand bricb 

• Dr. G. F. Cudaby, President of the American Eagle Brick: Company (pers. comm., 
June,1993). 
• Average including fringe benefits (A laborer worb 40 hours a week:). 

7 .2.3.5. Natural Gas Cost 

It is stated that 1,200 Btu (British therınal unit) is the generally accepted value for 

firing one pound ofbrick: ina tunnel kiln (Dr. G. F. Cudahy, pers. comın., July, 1993). A brick: 

weigbs 4.6 pounds. 1berefore, the required natural gas unit is 5,520 Btu to fire a brick:. Since 

$2.60 is the estimated cost for one million Btu (Dr. G. F. Cudahy, pers. comm., July, 1993), 

the natural gas estimated cost for one brick: is calculated by multiplying $2.60 by 5,520 Btu 

and dividing by a million. Then, the natural gas estimated cost for one brick: is multiplied by 

one thousand to get the estimated natural gas cost for a thousand bricks. 



'Dable 3': Natural pa 001t per tlıousand bricb. 

Natural C... 
1,000,000 Btu estimated unit c:oat il $2.60. 
1,200 Btu required for ooe pound brict firing 
4.6 Ib x 1,200 Btu = 5,520 Btu required per brick 
($2.60 x 5,520Btu) /1,000,000 = $0.014352 per brick 
1,000 bricb x $0.014352 perbrict = $14.35 per thousand bricb 

• Estimated (Dr. G. F. Cudahy, pers. oomm., President of the American Bagle Brict 
Qmıpany, June, 1993). 

'Dable 40: FJedlicity OOit pet 1housaııd bricks. 

FJectıidty. 

$5.49 per thousand bricb 

•Estimated (Dr. G. F. Cudahy, pers. comm., President of the American Eagle Brict 
O>mpany, June, 1993). 

'Dible 41: Additives cost per 1housaııd bricksı. 

Addltlves• 
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$5,000 per month additives cost x 1,250,000 bricks.month-1 = $4.0 x ıo-3 per brick 
1,000 bricks X $4.0 X 1o-3 brick-1 = $4.00 per thousand bricb 

• Calcium lignosulfonate ( calcium salt plus inorganic salts, oxidized sugars, pentose 
sugars and carbohydrates), a byproduct of paper industry produced by Georgia-Pacif 
ic Cooperation, Bellingham, WA (Dr. G. F. Cudahy, President of the American 

Eagle Brick Company, pers. comm., June,1993). 

ıeaıcium lignosulfonate is used by the company as an additive to improve extrudabllity and 
green strength in making brick. The company also uses iron oxide, bali clay, fire clay, manga­
nesc oxide as other add.itives to color brick's face. 
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7 .2.3.6. Cost of 13 and •ı Local Clay Mining Operation 

According to the firing experiments (Figure 93 and 94), good results were aclıieved 

with 2S % use of 13 local clay from Cerro de Cristo Rey where the company is currently 

mining for brick production. Tberefore, it is assumed that white brick coosists of7S % Kline 

Mountain clay and 2S " of 13 and/or ll local clay. 11ıe local clay contains smectite and 

organic material(s) (Ntsimanyana, 1990) both of which also improve plasticity and green 

strength which are desirable in white brick making. Thus, it is projected that 2S %of the local 

clay will be used in making white brick. 

lt is postulated that local mining cost is $2.00 per metric ton. In order to calculate a 

brick (4.6 lb) mining cost, one pound mining cost is determined by dividing the $2.00 into 

2,205 lbs. The result is multiplied by 4.6 Ib to get per brick cost, which is multiplied by 0.25 

to determine the local mining cost per brick. Finally, this cost is multiplied by one thousand 

to determine a thousand brick local mining cost as shown in Table 42: 

Table 42: Cost of 13 and 11 day mining operation per thousand bricks. 

Cost of fi and tl clay ( mining operatlon)• 

$2.00 mıon-1 1 2,205 Ib = $9.07029 x ı o-t lb-1 
4.6lb X $9.07029 X 10-4 lb-1 = $4.17233 X l0-3 per brick 
0.25 x $4. ı 7233 x ıo-3 = $1.04308 x ıo-3 per brick (Local clay portion) 
1,000 bricks x $1.04308 x ıo-3 = $1.043 per thousand bricks 

• Dr. G. F. Cudahy, the President of the American Eagle Brick Company (pers. comm., 
June,1993). 



'nable 43: Pacbging material al8t pel' thousaDd bricbl. 

Packagfnr 
$6,000 per month packag!ng cost /1,250,000 brick.month-1 = $4.8 x 1o--,-per brict 
1,000 bricks X $4.8 X 1o-3 brick-1:: $4.80 per thousaDd bricb 

• Dr. G. F. Cudahy, President of the American EagJe Brict Company (peıs. comm., 
June,1993). 
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Packaging facilitates make brict ready for shipment by trucks. lt gives important 

flexibilities such as handling, loading on trucks, unloading trucks on job site, and storing of 

bricks. The size of packages are adjusted to truck size. Packages are prepared by the compa-

ny 's fork lifting vehicle, s ince it is the cheapest method 

ı The company spends $6,000 per month to package moothly brick production ôf 1,250,000. In 
order to calaılate a thousand brick estimated packaging cast, per brick packaging cost is deter­
mined by dividing $6,000 into 1,250,000 bricks and the result is multiptied by 1,000. This cost 
does not indude labor. 
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'Dlble44: Costa per thousand bricb aold. 

Ceat ol GoodJ Solcl• 
(per 1,000 brlck) 

Mining (ripping and pushing with bulldozer) .•••..........•••...•••..•...••.•..•.....•••.....•...• $1.7993 
Royalty •..••..••.••••..•.••••••.•••..•••••.•..•••••.••••...•...••••••••.•.•.••••••..•.••.•.••.••••••••...••.•..•...... $1.564.6 
Supplementaı* 

Ca.mp ..•........•.•......................•............•.................•..•....•....•...•...•..•.....•.... $0.0750 
Gene.rator ......•.........••.........•.............••.•..•........••....•.•....•....•............•...•.••. $0.2()()C) 
Pum.p ...............•.....................•.........................•...................•.....•...•...•.... $0.1200 

Bnvironmenl .................•..••••...•.......••••..•...••.......•......•.•..•..................•...............• $2.34.69 
I..oading .......•....................................•..........•...........................•..•....................... sı .s64.6 
'I'ı"a:ns,p>rtation ••••••••.•••..••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• $22..29CX) 

Total (mine and transportation to plant) ...•.......•...................•................. $29.9604 

l..aOOr (average) .........•...•...•...•.............•...•...........................................•.........••• $19.2:()()() 
Natural gas ....................................................................................................... $14.3500 
Elect:r'icity ••••••.•.•••..•..•..•...•••.....•••.•.•........•.•...••.•...........•••.•••..•......•.......•....•......•.• $5 .4 9CXl 
Water1 .........•............•...•.......... : .......•...•.............................................................. $0.1800 
Fuel and lubrication*<machine, cu, fork lift, loader, grinding equipment aad extruder) •••• $1.4000 
Additives ............................................................................................................ $4.0000 
##3 and/or ##1 clay ................................................................................................ $1.0431 
Packaging ........................................................................................................... $4.8000 
Maintenance 

Parts (bam.mer mill, extruding machine, iron and steel, and replacement parts) •••••••• $1.9300 
Labor (electrician and other omide labon) •••••••••••••••••••••• .•............................ $0.8500 

Total (at the plant) ................................................................................. $53.2431 

Subtotal ($29.9604 + $53.2431) ........................................................................ $83.2035 

Contingency (1 0% ) ............•................................................................................ $8.3203 

IDTAI-................................................................................................ $91.5238 

• Assuming American Eagle Brict Company sells in that year only what the Company 
made that year and sells all that it made that year. 

*Estimated from Stebbins, 1987. 

ı In order to extrude clay to make brict, clay has to be plastic. Plasticity can be achieved by the 
addition of water. 



Table ı&S: OpentiDg espeasa of the American Eagle Brict Company per year. 

Operauna Expe~~~a• 
(25 .. x Gro. Reveaue per year) 

Seliing Expeoses 
Fort lift lease 
Fuel 
Labor and its overhead 
Salesmaa 
SaleSinan •s travel expenses 
Advertising 
Sales person at dest 

General and Administration (G&A) 
Preside nt 
Controller 
~istant controller 
Secretary 
General insurance 
Office utilities 
Teleplıooe 
Janitorial 
Office supplies 
Computers 
Interest payments on loans 

Short term 
Longterm 

Depreciation 
Depletion 
Taxes 

Property (building and tand) 
Exeise (Texas state corporate exeise tax) 
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TOTAL (0.25 X $2,835,000, see Table 46 .......................•.•................ $708,750T 

• Dr. G. F. Cudahy, President of the American Eagle Brick Company (pers. comm., 
June,1993). 
t $59,063 per month 

$52.50 per 1,000 brick: 
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'Dable ~= AnnuaJ aet ineome anc1 openting aa~ı now. 

Aaaual Net lacome aad Calla Flow 
(Per Year) 

Gross Revenue or IDeome s 
(15,000,000 bricb.year-1 X 9090 yieldl) X ($210 per thousand bricbl) 2,835,000 

Less Adjustments and Allowances3 (0.5% x 2,835,000) 14,175 

NetRevenue 2,820,825 

Cost of Goods Sold ($91.5238 per thousand bricb X 15,000,000 1,372,857 
bricb per year) 

Gross Profit 1,447,968 

Operating Expenses (25% x $2,835,000, see Table 45) 708,750 

Operating Profit 739,218 

Less depreciation for equipment" ($120,000 17 years) 17,143 

Net ProfitT (taxable income) 722,015 
Ineome Tax5 (20% X $722,075) 144,415 

Net Ineome 577,660 

Add: depreciation ($50,000 for plant equipment + $17,143 for mining 644,803 
equipment) 

Add: depletion ($359.00 for 9,000 m toos of 13 and lllocal clay deposit)6 645,162 

OPERATING CASH FLOW 645,162 

• Estimated from Peters, 1987. 
t 1be company is a SubS cooperation for tax purposes. Therefore, all the share 

bolders pay their personal tax. All the operation profit is distnbuted to share bolders 
(Dr. G. F. Cudahy, President of the American Eagle Brick Company, pers. comm., 
June 29,1993). 

1 Accordiılg to Dr. G. F. CUdöy, tk plaat is oa 90 ~ yield due to tbe 10 ~ substandud brict cauaed by 
drying uel firiag IUdl u cncb, blistering and formation of black bearts. 

2 Eatimated seDing price per oae tllousaad wbite bricb. 

3 Unpaid brick biJJa aad ıetumed bridt due to faulty brict, brick color, IJld costumer dissatisfactioa. 

4 'l'be company equipmeat value for m.iııiog is eatimated u $120,000. Accordiag to the taıı: law, vahae of 
m.iııiog equipnent caa be clepreciated through 7 years (Arthur Valdez, ll, CPA for American Eagle Brick 
Company, pera. comm.,1111y,1993; U .S. Master Tax Guide, 1989). 

5 Federal iacome tax for ahaıe lloldeıa il eatimated aa appoximately 20 ~. 

6 Due to the royalty payment for tbe KliRe Mouatain clay cleposit, ao clepletioll. amount is coosidered 
(9,000 m toaa X 1.1 • 9,900 1 toe (at.); 9,900 st. + 1.035 (3.5% m.iaiag Jou) • 9,565 at.; 9,565 X $0.5 
• $4,783; $4,783 x 1.5'5 deplctioa allowuc:e (Minenl Commodity Sumnıuiea, 1990) • $359.00). 
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'lable 47: Investmen18 

Investments 

Environmentl 
Planaing plıase •••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• $40,()()() 
I:>evelopııent and. a::>~:WtıliCtion. ~-····· ••••••••••••••••••••••••••.••••••••.••••••••••••• $20,()()() 

Supplemental 
(jenera.tor ........•.......•..........•.................•...................•••..•............•..........•. $22,530 
Camp equipınent. ................•................•.........••.....•..•...............................• $2,()()() 
Water availability ..............•....................................•..•....................•.........• $3,()()() 

Overborden removal2 ($0.6430 mton x 75m x 75m x 1m x 1.5 m3fmton)3 ... $5,425 
Eq_uipınent aııd laOOr tr'aııSfer4' •••••••••••••.••••••••••.••••••..••••••••••••••••••••.•••••••••.•••••.•••••••• $1,()()() 

Subtotal ...........................................................•............................•.......... $93,955 

Contingency (10% ) ..•..........................................................•................................. $9,395 

roTAI... ...................... : ......................................................................... $103,350 

rModeraıe range estimated from published case study figures by Paulsen (ı982). 
2 Stebbins (ı987) estimated overborden removal cost as $0.404 /LCY(Ioose cubic yard). Since ı 
cubic yard is equal to O. 7646 cubic meter, the Stebbins figure is divided into O. 7646 cubic meters 
and the result is multiplied by 1.22 m3tton, the calculated deosity of day, to get the estimated 
cost of overbulden removal, $0.6430 per mton. 

3 It is assumed that an area of 75m by 75 m by ı m will be removed for mining operation. The 
density of overburden is estimated as 1.5 ml/ton. 

4 For mining operation at the mine site, the company has to transfer mining equipment and labor 
from its plant in El Paso, Texas. 
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'Dable 48: Present value of white brict made with tbe Kline MOUDtaiıı day iD the American Eagle 
Brict Company Planıata risk ratc ofretuın on invested capital of 15CJJ and Hostold ainting 
(redemption of capital) fund at a safe rate of 6CJJ. 

Profit per thousand brict ($210.00 x o.995•-S154.193j $54.7570 

Profit per year ($54. 7570 per tho\LWld brict x 13,500,000 brict per 
yearl) 

$739,220 

Ineome Tax (20% x $739,220) $147,844 

Netineome $591,376 

Present value of operations ($591,376 X 6.148"'"} $3,635,780 

Outlay for investmentl $103,350 

NET PURCHASE VALUE (NPV)l $3,532,430 

•112% adjustments and allowances, see Table 46. 
• $91.5238~.901 (Table 44) + $52.50 (Table 45) = $154.193 per thousand brict. 
• Peters (1987), p. 275, Factor for present value during 30 year period. 

r As stated earlier, the plant is on 90 % yield due to the 10 % substandard brict caused by drying 
and firing such as aacks, blistering and formation of black hearts. Thus, 1,500,000 bricks out of 
an annual 15,000,000 brick production are assumed to be discarded eadı year. 

2 It is assumed that the present American Eagle Brict Company iD FJ Paso is free of liens. If not, 
these costs must subtracted from the net income. 

3 The NPV by Hostoıd Method is oonservative and tends to undervalue the propeıty as a protec­
tion against risk (Peteıs, 1987, p. 274). 
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'nable 49: Net Praent v.ıue (NPV) for t1ac propc:rty. 

Year Cash F1ow (CF)l 15" DilcouDt Fador* Present Value (PV) lDF\ 
ı 645,162 0.870 561~1 
2 645,162 0.756 487,742 
3 645,162 0.658 424,517 
4 645,162 0.572 369,033 
s 645,162 0.497 320,646 
6 645,162 0.432 278,710 
7 645,162 0.376 242,581 
8 645,162 0.327 210,968 
9 645,162 0.284 183,226 
ı o 645,162 0.247 159,355 
ll 645,162 0.215 138,710 
12 645,162 0.187 120,645 
13 645,162 0.163 105,161 
14 645,162 0.141 90,968 
15 645,162 0.123 19,355 
16 645,162 0.107 69,032 
17 645,162 0.093 60,000 
18 645,162 0.081 52,258 
19 645,162 0.070 45,161 
20 645,162 0.061 39,355 
21 645,162 0.053 34,194 
22 645,162 0.046 29,6n 
23 645,162 0.040 25,806 
24 645,162 0.035 22,581 
25 645,162 0.030 19,355 
26 645,162 0.026 16,n4 
27 645,162 0.023 14,839 
28 645,162 0.020 12,903 
29 645,162 0.017 10,968 
30 645,162 0.015 9,6n 

TOTAL $4,_235,488 
Investment 1-l $103,350 

NET PRESENT VALUE (NPV) (acquisition value) $4,132,138 
• Sinszle oavment oresent value factors taken from Beniamin et al. 1989. 

1 Assumes uniform casb Oow over 30 year period. 
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The dilcount factor in 'Dible 49 yields a preseot value over 30 year period without a 

separate safe rate of retum on invested capital used in the Hostold method above. 

The actual value of the pfaot and equipment coıısidering equipmeot replacemeot and 

set up is approximately $840,000 (Dr. G. F. Cudaby, pers. comm., June 29,1993). 1bis value 

and capital iovestment in the new mine at Klioe Mouotaio is $943,350. 1beo, by using the 

"rule ofthumb" approaclı indicated by Peters (1987, p. m-278), the IXPROI is calculated 

as 48%. 

7 .2.4. Results 

THE RATE OF RETURN ON INVESTMENT 
(DCFROI) 

70 + ($943,350 1 $645,162) = 48 % 

On the basis of drill core calculated average mineral compositions, there are mineral 

percentage variations in the kaolinization zone (48 m) with respect to surface sample such 

that kaolinite, alunite, and accessories iocrease by 7.61, 4.60 and 0.10 % respectively, and 

silica decreases 12.73% (Table 27 and 28). 

The probable reserve of clay is 6,316,048 m tons (Table 30) 

On the average, the available clay is calculated to be composed of(Table 31): 

Kaolinite: 40.67 " 
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Alunite: 16.37 % 

Silica: 37.89 % 

Aa:essories: 1.16 "· 

Due to the possible mining lo&s caused by overburden, riglıt of way of the road NM 59, diffi-

culty of deep mining. silic:eous and alunitic zones, the reduced toonage of recoverable clay is 

3,158,024 m toos ("lable 32). 

The nominal value of the clay is $16,358,564 fob at site of use (fable 32), using a nominal 

price of $5.18 per metric ton. 

The life of the mine is about 88 years, at a mining rate of 36,000 mtons per year. 

The cost of goods sold (per 1,000 brick) is $91.5238 (Table 44). 

The operating expenses of the brict company are $708,750 per year (Table 45). 

The annual operating cash flow, after 90% yield and 0.5% adjustments and allowances in 

brick making, are $645,162 per year (Table 46). 

The total investment (Table 47) is $103,350. 

The NPV by the Hoskold method (Table 48) is $3,532,430. This includes ıs % interest on 

investment and redemption of capital at 6 %. 

The NPV ofbrick made with Kline Mountain clay atAnıerican Eagle Brick Company for the 

following 30 years (Table 49) using the single factor Discounted Cash Flow method is 

$4,132,138. 

The DCFROI is 48 9&. 
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7 .2.5. Dlscussloo of the Economk Analysts 

Although the two NPVs aresimilar in order ofmagnitude, the ditference between the 

two NPVs is due to the Hoskold method wlıicb. tenda to undervalue the property asa protec­

tion against risk, as deseribed by Peters (1987). The rate of discounted cash flow returo on 

investment (DCFROI)-18 96-is higber than a possible and acoeptable hurdle rate of 159&. 

On the basis of the NPV and DCFROI, manufacturing white brick by eecovering the Kline 

Mountain clay at the American Eagle Brick Company plant in ElPaso is found to be econom­

ically viable under the projected conditioos. 

The company presently ~lls one thousand regular bricks for an average of $150.00. 

The cost of white brict appears to be about $30.00 per thousand brict above the company's 

present cost. lt is expected that the company will recover two times the marginal cost by 

makingwhite brick ($60.00), ata market price of$210.00 per thousand brick. Currently, the 

demand for white brick in theElPaso area is being supplied from the Athens Brick Company, 

Athens, Texas; Acme Brick Company (Perla Plant), Perla, Arkansas; and Summitt Brick 

Company, Pueblo, Colorado; which are about 800 miles, 1200 miles and 700 miles from El 

Paso, respectively. This adds significant incremental cost to the brick in the local market 

(ls ik, 1992). About half of American Eagle 's brick is sol d in the El Paso area. The other half 

is sold to locations as far east as Dallas, Texas and as far north and west as northem New 

Mexico, Arizona, Nevada, and Califomia Also, the companysellsa relative Iy smail amount 

ofbrick to Mexico (per. commun., Dr. G. F. Cudahy, June 12, 1993). Since thereare no white 

brick: producers in the local area, one thousand white bricks are ı.ually sold between $250.00 



and $300.00 in the local market. Obviously, 1ocal market conditioaa are especially favorable 

for the company's white brict productioo, where the company marbts between SO and 60% 

ofsales. 

As seen in Table 44, transportation of the clay to the company, energy (natural gas 

and electricity), and labor will be the largest paı1S of the brick manufacturing costs. There­

fore, any reduction in these cos1B will increase the company's ability to impact the 1ocal white 

brick market. Also, inercasing the current yield ratio (90%) will give another flexıbility to 

the company for market penetration. To be ready for the possible free trade implementation 

consequences in the future, additiooal production cost reduction should be considered by the 

company to compete with Mexican brick products where the production oosts are relatively 

tower. A supplier of white brict from the Oıihuahua city area in Mexico, discontinued brict 

production in approximately 1988, in favor of tile manufacture (Dr. K. F. aart, pers. com­

m un., July 19, 1993). 

'The brick manufacturing business is sornewhat seasonal and is also driven by the cy­

clical nature of the building industry. While the brict manufacturing facilities in the south­

west part of the USA are presently near capacity, it is expected, as is usual, that the demand 

for brick products will wane in the future. What is more im portant to the brict manufacturer 

located in the El Paso area than an increase in profit margins is the expansion of the brict 

products and subsequent expansion of the brict market that white brict allows. This should 

ı.eıp augment any future low demand period. This amelioration of the cyclical nature of the 
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business yields even greater benefit to the local brick manufacturers socially and ecooomi­

cally such as retainiııg employees and marketing bricks tbrouaJıout the year. 



CHAPTERI 
CURRENT ACTIVITIES 

In June ı m, Intemacional de Ceramica S. A. (Interceramic) of Oıihuahua, Mexico 

reported the company's interest in manufacturing white wall and floor tiles from the Kline 

Mountain kaolin (Dr. K. F. Cark, pers. comm., June ı 993). The Interceramic Companywas 

founded in ı98ı and its plant is located 240 miles south of El Paso. It is currently employing 

2200 people to manufacture floor and wall tiles by employing three shi~ 24 hours aday. 

The company manufactures ı.2 million square meters of tile per month. The company is 

primari Iy marketing in Mexico, but is also exporting tiles to the USA. In the future, it plans to 

locate a clay deposit in Texas or New Mexico and build a planı in the Dallas area (Diario de 

Juarez, August 3, ı 993). 

From Interceramic's preliminary studies, Javier Holguin L. (Interceramic geologist) 

recovered samples randomly from the Strip Mine site of the Kline Mountain kaolin deposit at 

the beginning of June 1993. On the basis of the company's preliminary tiring studies, 50) 

within the Kline Mountain clay was reported a potential problem in making tiles due to its 

undesirab le effect to the atmosphere, kiln, and tile. According to the cbemical analysis done 

on the sample for Interceramic, 50) content was reported to be 5.54 weight percent (Max 

Medrano H., research and development manager of the Interceramic, pers. comm., July 31, 

ı993), while it was detected between 0.00 and 17.20% on the six samples recovered on July 

3ı, ı993. 

204 
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The Kline Mountain kaolin (100%) was molded as tile and fired at 1080 °C. For the 

second experimental tile, the Kline Mountain clay (59 %) was mixed with ball clay (22% ), 

silica (12 %) and calcite (7 %) and molded as tile followed by firing at 1080 oc. & seen in 

Figure 101, the firing color of these tiles is reported to be attractive for the company's needs 

(Max Medrano H. and Javier Holguin L., lnterceramic Company, pers. comm., July 31, 

1993). According to the preliminary studies, the company decided to further explore on the 

KI ine Mountain clay for the manufacturing of white til es. 

Figure 101: Tiles manufactured from a pure anda mixture of the Kline Mountain kaolin by 
the Interceramic Company, Mexico, showing the white fired tiles in comparison 

with the Oıihuahua tile. 
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On July 31, 1993, Dr. K. F. Clark and I were asked by the interceramic company geol-

ogists to accompany the m to show the deposit on site and to recover samples for the ir ongo-

ing evaluation. During our latest trip to the deposit, a bulldozer equipped with drilling equip-

ment (Figure 102) was seen. Moreover, severallocations in and around the Strip Mine were 

already drilled, most likely by this drilling equipment indicating serious exploration of the 

deposit. Holes were approximately 10 cm in diameter and from 5 to 10 m depth. Part of the 

pulverized material was also sampled by lnterceramic at two borehole localities. As of 

today, no information has been obtained as to who accomplished this drilling program. Thus, 

three different groups currently have interested in the Kline Mountain kaolin deposit: Am er-

ican Eagle Brick Company, El Paso, Texas; lntemacional de Ceramica, Chihuahua, Mexico; 

and one unknown group that performed drilling between February and July, 1993. 

Figure 102: Bulldozer equipped with drilling equipment in the Ship Mine location of the 

deposit (Ibe picture was taken on July 31, 1993). 



CHAPTER9 
CONCLUSIONS 

The Kli.ne Mountain kaolin deposit is located in tbe Black Range wbiclı lia on the 

eastem margin of the Mogollon Plateau volcano-tectonic province. The sttatigrapby in tbe 

Kline Mountain clay deposit area consism of mid-'Thrtiary bimodal volcanic and volcano-

clastic deposits that consist of basaltic andesite lavas, high-silica rhyolite lavas, and pyro-

dastic material. 

Local faults in the study area could have originated by the intrusion of Kline Moun-

tain rhyolitic dom~ which may be a set of ring fracture intrusions possibly related to the 

Gila OiffDwellings cauldron to the west. 1bese faults have probably been reactivated by the 

Basin and Range extension in the past 21 Ma and/or the Rio Grande rift. The study area lies 

on the Black Range, whicb is reported as a west-dipping homoeline bounded on the east by 

the range-margin-fault of the Winston graben that has dropped relative to the Black Range 

uplift. Faults in the study area display two dominant trends: northwest and northeast. They 

are silicified, altered and mineralized in some localities. 

Volcanic units in the field have undergone hydrothermal alteration. Alteration is 

most intense near the intrusive contact of the Kline Mountain Rhyolite Porphyry and gradu-

ally diminishes distally. The Kline Mountain rhyolite intrusion is also altered. Four distinct 

alteration assemblages are recognized in the study area. These assemblages are: (1) weak 

propylitic alteration, (2) argillic alteration, (3) advanced argillic alteration, and ( 4) silicifica-

tion. Al teration of the volcanic units occur primarily by replacement. Ofthese, the advanced 
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argillic al teration zooe cootains commercial kaolin depesi ts which have beeıı exploited inter­

mittently. AdvaDce argillic alteration, cbaracterized by a taolinite-alunite-silica ( chalcedo­

ny, tridymite, and quartz) minerallll8etllblage, is widespread in the study area. This peıva­

sive alteration in the area developed in situ and is related primarily to hydrothennal regimes 

developed concurrent with or subsequent to the intrusion of the rbyolite porphyry of Kline 

Mountain. Kaolinite and aluni&e are the liKlSt diagnostic indicators of advaace argillic alter­

ation. On the basis of calculated mineral compositioa, bolini te is the dominant clay mineral 

in the northem part of this alteraiion zoae where the abandoned minea are located, while alu­

ni te is the dominant mineral to the south oear the cootact of the intrusive. The resulting altet­

ation mineral assemblages may best be described, from north to south, as a kaolinization 

zone with alunite to alunitization zone with taolinite. 

On the basis of representative driiJ core fragınents, the depth of the kaolinization 

zone is 48 m. Between O and 48 m the tuff is completely altered to kaolinite-alunite-silica 

mineral assemblage with a characteristic white color and softness. 

In the advanced argillic alteration assemblage adjacent to the Kline Mountain intru­

sive, alunite inevitably contaminates the kaolin deposit. Based on the calculated average 

mineral composition within the ~ m kaolinization zone of the drill core, kaolinite and alu­

ni te proportions increase with depth; on the other hand, the silica proportion decreases with 

depth. 

Silicification is considerable in the study area, and is primarily restricted to three lo­

calities within the tutJ ofKline Mountain and Kline Mountain Rhyolite Porphyry. They are: 
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(1) silicified tuffs at the top of the tuff of KliDe Mountain, (2) chalcedonic quartz within the 

kaolin deposit, and (3) widespread silicification at the top of the ICiine Mountain Rhyolite 

Porplıyry. 

Hydrothermal activity was respoosible for silicificatioo as well aa kaolinizatioa in 

the study area. Thus, it appears that silicifkation in the study area was formed aa a result of 

precipitation from coolingwaterssupersaturated with dissolved ~as evidenced by collo­

form and botryoidal habits of chalcedonic silica in the SEM images, and also as a result of a 

strong acidic environment that altered volcanic units (pumice and rhyolite) mostly to kaoli­

nite and alunite by dissolving SiOı. 

Some of the silicified unit (sinters) readily breaks down into fragments when the de­

posits become desiccated due to shifting hydrothermal activity and exposure to weathering. 

Depcmding on the weathering environment, the fragments may remain in place, or more 

commonly may be transported locally by wind or water, and occasionally become cemented 

by later hot-spring activity. A great amount of chalcedonic nodules and fragments distrib­

uted in the north of the open pit mine location are believed to be eroded silica fragments poss­

ibly from the top of the silica cap. 

In the kaolinitic clay, SiOı shows an inverse relationship with AlıÜJ. In the alunitic 

samples (Tkm 18 and 20), SiOı has the lowest percentage, while AlıÜJ. KıO and loss on 

ignition (LOI) are the highest percentages. Also, the ratio Kı()+LOI:SiOı is very low in the 

kaolin clays and is high in the alunite samples. 
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From clıemical analyses ·of samples, the calculated mineni percentages correspood 

tominerals present from XRD data. Minerals are calculated under four categories: kaolinite, 

alunite, silica, and aca:saory mincrals. Silica siaould be aocounted for as quartz, tridymite, 

o~ and cristobalite. Semiquantitative calculated mineral composition of outcrop samples 

from cbemical analysis sbows an inverse relatiooship between kaolinite percentage and 

proximity to the intrusioa. Conversely, it displays a proportional relationship between alu­

nite content and the proximity of the iatrusion. This evidence suggests that around the intıu­

sion the advanced argillic al teration zone contains dominantly alunite, while in the more dis­

tantly located pits kaolinite predominates. Variations in the proportions of minerals were 

found with respect to depth of~ drill core. Within the kaolinization zone, the bolini te pro­

portion is between 30.97% and 58.20 %. However, this percentage droı-drastically down to 

5.27 %, with 72.63 % of silica inthebasal breccia zone, which is the kaolin deposit. 

On the basis of X-ray diffractogram patterns, most of the whole-rock minerals is 

composed ofkaolinite, alunite, tridymite, quartz, cristobalite and accessory minerals. Kaoli­

nite is present in both whole-rock and clay size fractions of each sample. However, alunite 

dominant samples (Tkm 18 and Ttm 20) in both sizes show weak, smail peaks of kaolinite 

reflection that would indicate very minor kaolinite content. Cristobalite is detected in only 

one of the bulk samples as a cbief constituent. Tridymite is present in both sample sizes ina 

different intensity with the exception of alunitic tuff (Tkm 20). 

Kaolinite is the most coinmon clay mineral detected in <2tmı samples. However, 

smectite was identified in two samples as the second clay mineral present. No change in or-
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dering ofXRD patterns of the glycolated and heated samples were observed in the prelimi­

nary study of deposit, indicating no significant amount of expendable clay minerals. The 

taolinite is well-crystallized as evidenced by the sharp 001 and 002 reflections. 

XRD data indicates that the minenlogy of the clay-size ftactioos is different from 

that of the drill core. The mineralogical differeııce among the different size fractions witbin 

given samplea show that quartz il coocentrated in the coaıse fractions (>2 fUll). In the< 2 J&Dl 

fraction, bolinite predominates in 14 out of24 samples and quartz is absent in 19 out of24 

samples. In the drill core samples, kaolinite is the chief mineral followed by alunite and tri­

dyınite. However, alunite is the chief mineral followed by kaolinite in the deepest core sam­

ple obtained. 

SEM photomicrograpbs of three outaop sanıptes show different varieties ofkaolinite 

textures: columnar covered by very fine silica silcretes, well-crystallized, relatively poorly 

crystallized, and stacks. Even though all the SEM photomicrograpbs demonstrate evidence 

for fine-size silica content (lepisplıeres) and one sample displays these fine-size silica tex­

tures with high porosity associated with alunite tlakes. Energy-dispersive spectroscopy in­

dicates aggregates of bladed crystals composed of individual lepispheres consisting domi­

nantly of silica m inerals (tridyınite and/or cristobalite ). SEM images of alunite demonstrate 

identical crystal forms (hexagonal and pseudorhombohedral) and tlakes within the typical 

texture ( tightly packed and associated with lepispheres ). The SEM images show that alunite 

crystals are hexagonal and pseudorhombolıedral associated with bladed silica crystals, 

which are intergrown with lepispheres. 
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Particle-size analysa show that the shallowest drill core sample, which includes sili­

ca (tridymite, quarız, aod cristobalitıe1 kaolinite, and alunite, bal the higbest percentage of 

clay-size particlea. With the excepdoa of alunitic clay, there is a proportional relation be­

tween bolinitic content percentages and clay-size fraction percaıtages of bolinitic surface 

samples. Larger clay-size fractioos in some samples indicate larger amounts of kaolinite. 

The two open pit samplea show more sand-size fraction than the other samples. For the drill 

core samples, the majority of the material is clay-sized, less so silt-sized, and sand+ -sized 

particles. On the other hand, two bolinitic surface samples have clay-sized partides as a 

principal dominant fraction. The alunitic clay sample (Tkm 18) has the silt-sized fraction as 

the chief coostituenL The open pit mine sample SM 200 contains the least percentage of 

clay-sized fraction, while the shallowest drill core sample contains the least percentage of 

sand+ sized fraction. 

In the firing experiments, four different sets of sanıptes were prepared. The first set 

was prepared without any additive fluxing agent, while the otlıers were prepared with a cer­

tain amount of fluxing agents. Also, the laboratory extruder of American Eagle Brick Com­

pany was employed for the second set of the samples. In order to determine if there was vitri­

fi.cation without adding any flux to the clay, the patties (molds) were fired at different tem­

perature by using the Standard Large Orton Pyrometric Equivalents (PCE) cones to observe 

the temperature. 

From the average absorption of water point of view for eacb experimental brick 

speciınen, the following cooclusions can be drawn: 
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1) The fluxing agen1s influence the water ablorption rates of experimental brict positively 

(reduce absorption) with the exception of hydrated lime. 

2) Increase of tiring temperature appears to play a greater role in towering the water absorp­

tion. 

3) In increasing order, ta1c, nepbeline syenite+white silica and 13 clay+nepheline sye­

nite+white silica decreases the water absorption in the tower t.em.peraturea. 

4) Pure kaolin displays the second highest percentages of water absorption exceeded only by 

hydrated lime additive in the clay body. 

S) Tbere is an inverse linear relationship between water absorption and temperature. 

6) Kaolin+#3 clay+nepheline syenite+white silica mixture showsaminimum amount of wa­

ter absorption at lower temperatures. 

There is a proportionallinear relation between compressive strength and tempera­

ture. Kaolin+#3 clay+nepheline syenite+white silica sbows the highest compressive 

strength at tower temperature (3617 psi at 1900 °F) which is higher than the required com­

pressive strength (2500 psi for Grade SW, 2200 psi for grade Mw, and 1250 psi for Grade 

NW). Kaolin+#3 clay and/or 11 clay with nepheline syenite and white silica should be the 

best mixture for high compressive strength at low temperature. Thus, this mixture appears to 

be not only favorable for towering the water absorption but also for providing highest com­

pressive strength at Iow temperature. In addition, 13 clay improves plasticity and green 

strength ofbrict made from Kline Mountain kaolin. To make a comparison between the Oıi­

huahua white brick and the Kline Mountain kaolin brict, a compressiYe streogth test was 
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conducted on the Cıihuahua white brict. lt was determined to be 1005 psi, whidı il weak 

under the required standards for all weatbering grades, Negligıble Weadıering (NW), Mod­

erate Weathering (MW), and Severe Weathering (SW). 

The fired brick specimens also demonstrated excellent white color properties. The 

bright whitenesa of the fired specimen can give more market flexibility to the local brick 

company to produce various slıades of white colored brict from IOiDe Mountain kaolin by 

adding from 15 to SO 9& of 13 and/or 11 clay with nepbeline syenite to the kaolin so that a 

complete range of white to gray colored brict can be produced. This has the additional ad­

vantage of lowering the cart of producing white brict, because the 13 and/or 11 clay have 

negligible transportation cost to the firing plan~ both of whidı are located on the eastem 

flank of Cerro de Cristo Rey in the El Paso area. 

The water absorption was the only physical property detennined to be high for the 

specimens. However, all the brick specimens were prepared without using a vacuum which 

can reduce the porosity ina brick body and thus reduce water absorption. Water absorption is 

determined in the lowest percentages at lower temperatures in the specimens containing ka­

olin+#3 clay+nepheline syenite and white silica. Thus, using ##3 clay and/or ##1 clay in vari­

ous percentages from ıs to SO 9& with neplıeline syenite and by extruding under vacuum the 

brick would have not only color manipulation but also reduced water absorption. By using 

these clay mixtures followed by extrusion with vacuum, water absorption should be reduced 

in the fired brick to the required limit and pa;sibly tower than the required limit which is 20 

percent for Grade SW, 25 percent for Grade MW, and no limit for Grade NW. 
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The tiring experimenta have determined that the experimental brict speclmens made 

with the Kline Mountain kaolin have the plasticity, greeıı strenath, wortability and extrud­

ability properties needed for utilization by the brict industry without any defects as a result 

of tiring and cbemical compositioa. 

The degree of success of any new project will ultimately depenel on the underlying 

economic strength of the project.as well as how successfully the putiea involved can coordi­

nate their interests. In the case of the Kline Mountain kaolin deposit, whicb had been used 

only sparingly by industry, the most striking attractions are its coovenient location ( croıssed 

by NM Highway 59), large reserves, high brightness, cbeap extraction methods, and readi­

ness to be sold. Furthermore, there are no water flooding problems, although snow cover 

will be a hindrance in winter time. 

On the basis of drill core calculated average mineral compositioos, there are mineral 

percentage variatioos in the kaolinization zone (48 m) with respect to surface sample suclı 

that k:aolinite, alunite, and accessories are higher by 7.61, 4.60 and 0.10% respectively, and 

silica is tower by 12.73%. The probable reserve of clay is 6,316,048 m tons, as calculated by 

the triangular area of influence method constructed between chemically analyzed surface 

samples and one core hole sample. On the average, the available clay is calculated to be com­

posed of: K.aolinite (40.67 %), alunite (16.37 %), silica (37.89 %) and accessories (1.16 %). 

Due to the possible mining loss caused by overburden, ri gbt of way of the road NM 59, diffi­

culty of deep mining, siliceous and alunitic zones, the reduced tonnage of recoverable clay is 

considered to be 3,158,024 m tons. 
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11ıe economic parameten of the Kline Mountain deposit are • follows. 11ıe corre­

sponding value of the clay is $16,358,564 Fob at site of use, usiDg a oominal price of $5.18 

per metıic ton. The life of the mine is about 88 years, at a minina rate of 36,000 m tons per 

year. The oost of goods sold (per 1,000 brick) is $91.52. Tbe operating expenses of the brict 

company are $708,750 per year. Tbe annual oet ineome and operadna casb flow, for 90CJD 

yield and 0.5" adjustmen&s and allowances for det'ective brlct and unpaid bills, are 

$645,162 per year. The total investment is $103,350, and the value of the production plant is 

estimated to be $840,000. ~ Net Present Value (NPV) by the Hostold method is 

$3,532,430. This includes ıs % interest on investment and redemption of capital at 6 "· Tbe 

NPV of brict made with Kline Mountain clay at American Eagle Brict Company for the 

next 30 yearsusing the single factor Discounted Cash Flow (DCF) method is $4,132,138. 

11ıe Discounted Cash Flow Return On Investment (DCFROI) is approximately 48 %. Al­

though the two NPVs aresimilar in order ofmagnitude, the difference between the two NPVs 

is due to the Hostold method which tends to undervalue the property as a protection against 

risk. The DCFROI rate-48 %-is signifıcantly higber than a possible and acceptable hurdle 

rate of 15% as an investment opportunity. On the basis of the NPV and OCFROI, manufac­

turing white brict by recovering the Kline Mountain clay at the American Eagle Brict Com­

pany plant in El Paso is found tö be economically viable under the projected conditions. 
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Appendlx 1: QuantltaUve DetennlnaUon of Mineral Content 

The method used in this calculation, whiclı is best deseribed as semi-quantitative, is 

based on the major elemeat cbemical analyses of the eaclı sample. For this calculatioDs to be 

mast infonna~, the calculated mineralogical balance of the each sample in this way is 

matched with its X -ray dittractogram, where the major mineral eotities are obtained. The 

agreement is observed between the calcuJated mineralogical composition and obtained ma­

jor minerals by X-ray diffractometer for each sample. Moreover, the SEM photomicro­

grapbs and EDS analysea are aJso comistent with the calculated mineral compositioos. 

For these calculatioos, the following assumptions are made in the result of major ele­

ment chemical analysis in Table 1 and 2: 

1) the KıO content comes from alunite (no residual K-feldspar in tuft). 

2) the Alı<>J content comes from both alunite and taolinite, but knowing the content of for­

mer, the tatter can be calculated 

3) LOI (toss on ignition) content comes from alunite as (S<>J+HıO) and from taotinite as 

(HıO) 

4) the remaining silica after subtracting that present in the kaotinite, will be as quartz, tridy­

mite, cristobalite or opal(?) forms of free silica. 

On the basis of above stated assumptions, the mineral compositions of the sanıptes 

are determined as shown betow in the example of RS-1: 



nm CALCULATioNs oF nm MINEBAL COMPOsmoNs: 

The chemical formula of bolinite: Alı.Si:z(),.(OH).. or A1ı~Oı-2flı0 

The formula weigbt of bolinite: 102+2x60+2x18=251a 

The chemical formula of alunite: KA13-(SO•h·(OH)6 or Kı0.3AJıOJAS03.6Hı0 

The formula weigbt of alunite: (2x39+ 16)+3:ı:102+4:ı:80+6:ı:18=121a 

Quartz, tridymi~ and cristobalite: SiOı 

The formula weight of SiOz. 60 g 

In the exaınple of RS-1: 
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-f0;:~.if.''::',~~:JEWtftt!&:@2J~~X~:-;·JlfP:~;~~~! .. ~:E. ,~-·~:7·~;~~~~1:~.: ···:·:·:~·,,. ,:·:~"--, 
Ch emical Theoretical R5-I from the Calculated 

compounds proportion 1able ı 
(%) 

Kı() 11.4 1.69 1.69 

AIA 37.0 17.90 5.50 

(~+HıO)=LOI 51.6 12.52 7.69 

Total 100.0 14.88 

94 gK;zO isbeingused for828galunite. Proportionally, 1.69gK;zOshould beused 

for 14.88 g alunite, as seenin the 1able above. By the same tok en, 828 g alunite requires 

306 g AlıO). Likewise, 14.88 g alunite requires 5.5 g Alı~· AJso, 828 g alunite requires 

428 g (SO)+H20) and thus 14.88 g alunite requires 7.69 g (SOJ+H:z()), which is assumed 

as LOI in the 1llble 1. 



,' . · ..... ::: ~ ' ~ ;- ~ ~ :. : 
·' 

Qıemical Tlaeoretical ratio R5-I from die Calculated 
compounda (lJ,) 'lable ı. 

AlA 39.5 17.90 12.40 

SiOı ~.s 68.51 14.59 

H~·LOI 14.0 12.52 4.37 
1btal 100.0 31.36 

After being used in alullite, the remaining Alı(>) is 12..0 1· On the basis of alu-

mina content, 102 g alumina mates 258 g taolinite and proportionally 12.40 g AlA 

makes 31.36 g taoJinite. Similarly, 258 g taolinite requires 120 g SiOı and thus 31.36 g 

kaolinite requires 14.59 g SiOı. Tlıe remaining amOUDt, 53.92 g. forms free silica. AJso, 

258 g taolinite requires 36 g Hı(), while 31.36 g taolinite requires 4.37 g Hı(). The 

amount of accessoıy minerals is 0.63 g (or weight percent). 

In Tab le 1, total RS-I is 101.25% by analysis and consequently, the calculated mineral-

ogical proportions for this sample are shown below: 

Kaolinite (31.36/101.2S)x100 30.97% 

Alunite (14.88/101.2S)x100 14.70% 

Silica ( quartz, tridymite, (53.91;101.2S)x100 53.25% 
cristobalite, and opal) 

Alx:essoıy mineraJs (0.63/101.2S)x100 0.62% 

Total 99.54% 

• 



Appeııdb l: Partkle Size Analysls Procedure 

Alter disaggreptiua the dried sampla down to approximately O.S inclı in diameter 

by a hammer, a crusher anda mortar, about 20 grams ofsam.ple split is placed in an oven to be 

dried at lOS °C in a previously weigbed 80 ml. beaker about one md half hours. Tben, the 

beaker is removed from the oven and is placed in a desiccator for about 30 minutes. 'Ibe 

beaker is removed from the desicca1or and is weiglıed with the sample and the weight re­

corded as weigbt of the original sample as seenin the particle size analysis sheet below. In the 

next step, the sample is placed ina 1000 ml. beaterwith about200 ml. of distilled water anda 

10 ml. of dispersant (prepared by mixing SO gr. sodiuın he:umetaphosphate with 100 ml. 

distilled water). Tben, the sample is mixed thoroughly and allowed to seule ovemighl On 

the following day, the mixture is stined vigorously with a glass stirring rod and then placed 

in an ultrasonic agitatar for about 45 minutes. 

When the sample is unfl<?CCUiated, it is wet sieved through a number 230 sieve to re­

move all sand-plus sized material and the n dried ina preweigbed beaker in an oven at 105 oc. 

The sand-plus size is weiglıed and the weight recorded as weight of drying disb witb dried 

sample. 11ıe silt- and clay-sized particles are placed ina 1000 ml. beaker and distilled water 

added to make a 1000 ml. suspension. Then, the mixture is stined vigorously to distrıbute the 

clay and silt particles uniformly and allowed to seule for 30 minutes. Then, from the upper 2 

mm, SO ml. of suspension is extracted witb a pipette and is placed ina preweigbed beaker for 

drying in an oven at lOS oc. The clay-size fractioo contained in tlıc beaker is weighed and 
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the weight recorded as weight of dryina dish with dried sample. By multiplyiDJ the clay­

sized fraction by 20, the weight of this fraction in the original sample il obtained. 

1be results are reporteel asa weight percentages of the original sample as seea oo the 

sheet below. 
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PAlmCLE SIZE SHEBT SHOWING DIE CAl..CUUJ10N AND RESULTS OF SAMPU! RS-VI FRACI10NS 

Sample: RS-VI 
.0.: March 9,1993 

SAND-PLUS fRACDON 
Weight of drying dish 54.8898 ~ with dried sam.ple 

Weight of drying with 52.3913 gr) 
dishempty 

~tofsam.ple 2.4985 gr) 11.47 %1 ( -plus fraCtion) 

CLAY FRACDON 
Weight of drying dish 52.8892 gri 
with dried sample 

Weight of drying with 
52.4026 grı 

dishempty 

Weigl!t of sample 
(clay fraction) 1 °·4866 gri x20 1 9.7320 gr.l44.66 %1 

Total ( sand and clay) 12.2305 gri 

SILIFRACI'ION 
gr ı Weight of the original sample 21.7901 

Weight of sand-plus and clay 12.2305 grı 
Difference 9.5596 gri 43.87 9&1 (Weight of silt fraction) 

TOTAL 1009& 
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Appendh 3: Plac:er Clalm Map of tbe KUne Mountaln Clay Deposit 
(Judith Waggoner, Realty Spedalist for tbe Buıeau of Land 
Maoagment, Las Cruoea, New Mexico, per., comm., July 9, 1993). 
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