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INTRODUCTION 

The Kramer borate deposit is located in the northwestern Mojave Desert, about 90 air 

miles northeast of Los Angeles and 3 miles north of the town of Boron (figure 1 ). The deposit 

derives its name from the mining district in which it lies. The Kramer deposit, presently being 

mined from the Boron open pit, has been a world-class source of sodium borates since mine start

up in 1926 and continues to be the largest source of borates in the world. 

The Kramer ore body is a roughly lenticular sedimentary sequence of borax 

(Na2B407 • 10H20) and kernite (Na2B407 • 4H20) containing interbedded claystone. This 

central crystalline facies is successively enveloped by facies consisting of ulexite 

(Na,CaBsOg • 8H20) -bearing claystone, colemanite (Ca2B6011 • SH20) -bearing claystone, 

and barren claystone. Studies indicate the Kramer borates were deposited in a small structural, 

nonmarine basin, associated with thermal (volcanic) spring activity during Miocene time. 

The Kramer deposit does not crop out. It was discovered accidentally in 1213 by Dr. John 

Suckow, a homesteader, who struck colemanite while drilling a water well (figure 2). Exploratory 

drilling and shaft sinking after World War I by Pacific Coast Borax Company, the predecessor of 

U.S. Borax, led to the discovery of borax and kernite in 1925. In 1926 PCB went into large-scale, 

underground sodium borate mining in the Baker mine, located nearly 2 miles east of Suckow's 

discovery well. The company soon closed all its calcium borate operations near Ryan in Death 

Valley in favor of the more easily processed sodium borates at Boron. 

U.S. Borax ships mostly bulk, refined sodium borate products and boric acid to both 

domestic and world markets from Boron. Principal uses for these products are in the 

manufacturing of glass and fiberglass, herbicides, ceramics, soaps and detergents, fluxes, 

fertilizers, and fire retardants. 
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MINING DEVELOPMENT 

Development of borax and kernite in the Baker mine was followed with the mining of 

kernite from the Western mine (1927), 1/2 mile southwest on the south edge of the deposit, and 

the mining of borax from the West Baker-Suckow mines (1936), 1 mile west of the Baker. These 

early mines employed conventional underground room-and-pillar methods. By 1947 only the 

more easily processed borax was being mined, and soon most production was by continuous 

mechanical miners and belt haulage from the Jenifer mine (1953), located in the central portion of 

the ore body, 1/2 mile west of the Baker. By 1956, with reserves of borax approaching exhaustion 

by underground methods, stripping was begun to achieve full borax ore recovery by open pit 

(1957), with feed to a new refinery. 

Today, open pit stripping operations utilize 19-yard-capacity electric shovels and 170-ton 

trucks. Ore mining is routinely accomplished with 15- and 16-yard front-end loaders and 100-

ton trucks. In recent months, one or two shovels and the larger trucks have been utilized in ore 

mining to reduce costs. 

The waste and ore alike are drilled and blasted. The waste is hauled to piles north and 

south of the pit. Borax ore is put through the pit 1,200-TPH-capacity primary-hammer-mill 

crusher (minus 8 inches), conveyed to the surface, blended in stockpile, recovered, secondary

hammer-mill crushed (minus 1 inch), and put into the wet process refinery. Kernite ore is 

similarly handled to a separate surface stockpile and fed to the boric acid plant (1980). Kernite 

ore is also pre-treated in a mid-open-pit plant by milling to minus 1/4 inch, hydrated in pit 

stockpile (converting kernite to borax), and blended with borax ores at the pit primary crusher for 

routine feed to the wet process refinery. 

The present pit has surface dimensions of 6,000 feet long (E-W) by 5,000 feet wide (N-S). 

The greatest depth is 650 feet below original surface near mid-pit. Nearly all the workings of the 

two largest underground mines, the West Baker and Jenifer, have been consumed by the open pit. 

Future expansion of the pit will continue to be to the south (down dip) to develop mostly kernite 

ores and to the east, for borax ores. 

Today, round-the-clock, 7-day refinery ore-feed requirements are met by a 5-day-per

week mining schedule. Approximately 9,000 tons of ore are mined, and 40,000 tons of waste are 

stripped daily. This waste-to-ore ratio will increase in the near future as thinner, more deeply 

buried ores are developed, especially to the south. 

Early pit engineering problems included slope stability affected by adverse geologic 

conditions and pit design in a deposit honeycombed by underground openings - over 200 miles of 

single-cut headings. These and other concerns will challenge mine engineering in the future. 

Long-term mine plans indicate ultimate pit depths approaching 1,300 feet on the south. Deep pit 
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conditions in moderately consolidated rocks raise concerns about slope safety and de-watering 

requirements. For the present, dry pit conditions and stable slopes on the south side are aided by 

use of the deep, underground workings of the Western Borax mine as a drainage gallery. In 

addition, a number of wells located beyond the pit north wall maintain control on a pitward 

groundwater gradient. The present north wall (west-half) was excavated after the previous wall 

collapsed in 1985, due largely to adverse groundwater conditions. 

Suckow's discovery site is nearly I mile west of the westerly pinchout of the sodium 

borates, and the early exploratory drilling penetrated only claystone-bearing ulexite and 

colemanite. Nearly 150 scattered surface holes and about 225 underground diamond drill holes 

were completed between 1913 and 1954. Since 1946 the drill data collection in the sodium borates 

has been on an orderly 200-foot-centers grid pattern of surface holes. More than 675 modern 

mine-development rotary holes have been completed to date, utilizing in recent years a wire-line 

system to speed the core drilling in the deeply buried portions of the ore body. A core recovery 

of 98 percent has been routinely achieved. A number of recent holes have been located on I 00-

foot centers at faults for structural control. Information from many of the early holes and all of 

the more recent mine-development holes provide a data base for a deposit computer model. The 

deposit model was adapted from multi-seam coal deposit software, incorporating some of the 

important structural discontinuities of the Kramer deposit. Software is on hand to perform a wide 

variety of geologic and mine engineering functions. 

GEOLOGY 

Geologic Setting 

The Kramer beds (Barnard and Kistler, 1966) are all the conformable Miocene strata between 

the base of the Quaternary alluvium and the base of the Saddleback basalt. The beds are of 

lacustrine and fluviatile origin, as are other Tertiary nonmarine sedimentary and volcanic rocks of 

Dibblee's Tropico Group, exposed in the vicinity of Rosamond and Mojave, 30 miles to the west. 

General descriptions of the Kramer borate district are given by Gale (1946), Muessig (1956), Dibblee 

(1958), and Barnard and Kistler (1966). 

Gale originally placed the Kramer strata in the Pliocene Ricardo formation, which crops out 

about 29 miles to the northwest of the Kramer deposit. Dibblee placed the Kramer beds into the 

early Pliocene of his Miocene and Pliocene age Tropico Group. In 1964 mammalian remains were 

discovered near the base of the Arkose member in the open pit. The fossils were identified as early 

Hemmingfordian, a pre-Ricardo fauna, no younger than early middle-Miocene (Whistler, 1965), an 

age of 19 to 20 million years. Subsequent K-Ar dates on samples of Saddleback basalt yielded ages 

of 18.3 and 19.7, ±0 .6 million years. 
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The basement complex of the Boron area consists of deeply eroded pre-Tertiary (Jurassic?) 

granitic and metamorphic rocks. Older Tertiary arkoses, shales, and tuffs overlie the basement and 

are unconformably overlain by the Saddleback basalt. 

The fallowing is a very generalized stratigraphic section of the units in the Kramer district in 

the vicinity of the sodium borate deposit, along with the maximum thicknesses exposed: 

KRAMER DISTRICT NEAR BORON 

Feet 

Recent alluvium ........................................... 30 

(unconformity) 

Quaternary alluvium 150 

(unconformity) 

Miocene Kramer beds 

Arkose member . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 

Shale member ....................................... 400 

Saddleback basalt member ............................. 600 

(unconformity) 

Miocene tuffs, tuffaceous shales, limestone, 

arkose and conglomerate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ,500 

(unconformity) 

Pre-Tertiary (Jurassic?) granitic basement 

Stratigraphy 

As already stated, the Miocene Kramer beds are divided into three distinct members, the 

Saddleback basalt member, the Shale member, and the Arkose member, in ascending order (figure 

3). The Saddleback basalt comprises up to 600 feet of olivine basalt flows and is the only Kramer 

member forming surface outcrops -as ridges northwest, north, and northeast of the Boron open 

pit. The basalt is overlain by the Shale member, which consists of up to 400 feet of borate

bearing and barren claystones and shale. The Shale member will be discussed in some detail 

below. The Shale member is overlain by the Arkose member, which comprises up to 800 feet of 

arkosic sandstones which are locally silty and interbedded with tuffaceous clays. Figure 4 is a 

generalized geologic map of the Kramer beds as exposed in the Boron open pit mine. 

The Kramer ore body is the core facies of the Shale member. Three additional facies and 

their relationship to the sodium borates will be discussed later. The ore consists of a lenticular 

sedimentary facies of borax and kernite together with varying amounts of interstitial and 

interbedded claystone. The sodium borates are roughly elliptical-shaped in plan, 2 miles in length 

(E-W), 1 mile in width, and range to a greatest thickness of 300 feet in the south-central portion. 
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This sodium borate facies is divided into seven stratigraphic units, based upon detailed 

examination of drill logs and exposures in the underground mines and open pit. Four high-grade 

units, Upper ore, Middle ore, Lower ore, and Basal ore, typically contain over 75-percent borax. 

These are separated, respectively, by three generally low-grade units, A-zone, B-zone, and C

zone, which typically contain less than 60-percent borax (figure 3). The Basal ore is the thinnest 

and least extensive of the high-grade units; the Lower ore is the thickest and most extensive 

high-grade unit. Only in the thick central portion of the sodium borate facies, are all the units 

present. Stratigraphic control is maintained by use of a number of clay-tuff and claystone marker 

beds within the sodium borate facies. 

Close inspection shows that borax crystals are commonly euhedral to subhedral, range in 

length from less than 1/8 to 1 inch, and are commonly stratified by crystal size. Borax makes up 

more than 80 percent of some high-grade beds, with claystone only interstitial to the crystals. In 

low-grade beds borax makes up commonly less than 50 percent of the beds and is disseminated in 

a claystone matrix. Green to brown claystone beds of less than 1/2 inch to over 2 feet thickness 

are commonly interbedded with the borax. Some of these, in addition to several prominent tuff 

beds, exhibit ripple marks and other evidence of shallow water deposition. 

Much of the stratigraphically lower portions of the sodium borate facies consists of 

kernite, a secondary mineral formed by the dehydration and recrystallization of borax under 

conditions of elevated temperature and pressure. Christ and Garrels ( 1959) suggested kernite 

formation required deep burial (2,500, ±500 feet) and a temperature range of 53 to 63 degrees C. 

The textures of the kernite ore are pegmatitic, with a crystal-size range from less than 1/2 inch to 

more than 5 feet in length. The crystals appear to be randomly oriented, in general, but locally 

show crystal-long axis parallel to relic (borax) bedding. 

Claystone beds within the kernite are usually broken and distorted. Clay commonly forms 

rims around kernite crystals or is in irregular masses between crystals. 

At the margins of the kernite occurrences, kernite is found in isolated pods and crystal 

masses. The pods commonly have a halo of recrystallized borax formed from rehydrated borax. 

The Kramer deposit is the type locality for both kernite and probertite 

(Na,CaBsOg • 5H20). Probertite is found as radiating prismatic crystal aggregates, or rosettes, 

commonly within claystone and almost exclusively where kernite is the predominant sodium 

borate. Probertite was formed in the same environment of deep burial, as was kernite, and is 

much more abundant in the kernite deposit than is ulexite in laterally equivalent primary borax 

beds. 

The sodium borate facies is successively enveloped by a ulexite facies, a colemanite facies, 

and a barren claystone facies. The ulexite facies consists of claystone, shale, and tuff, with 

ulexite occurring in beds, nodules, and veins. Several massive beds of ulexite up to 2 feet in 
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thickness, are associated with gray tuff and located stratigraphically above the sodium borate 

facies. Claystone and shale are much more abundant in the ulexite facies than in the sodium 

borate facies. A colemanite facies, a thin interval composed of nodular colemanite. and claystone, 

is found overlying and laterally beyond the limits of the ulexite facies. The colemanite appears to 

have replaced parts of the uppermost ulexite beds. 

Around the outer part of the local basin of deposition is the barren facies; the beds of the 

colemanite facies grade outwardly into green shale and claystone, which contain calcareous 

nodules but are barren of borates. The gray-green to dark-green claystone and shale beds, 

common to all four facies, are montmorillonitic and occasionally tuffaceous. Individual tuff beds 

are traceable from one facies into a laterally adjacent facies. The boundaries between the sodium 

borate facies and enveloping ulexite facies are quite sharp rather than 'gradational, and suggest, at 

least, minor solution activity. 

Structure 

The shape of the sodium borate deposit in north-south section is lenticular with a 

southerly dip of about 10 degrees. The most deeply buried sodium borates are along the southern 

boundary near the Western Borax fault scarp. 

The borates together with the overlying and underlying rocks, have been moderately 

folded and faulted. The deposit is divided by at least eight important west- and northwest

trending fault and fold structures. Both vertical and horizontal displacement have taken place 

along the faults. Most of the faults are steep, normal (vertical motion) faults of 30-percent to 

vertical dips. Pit exposures show most such structures to be faulted monoclinal folds with 

apparent displacement actually due to steeply dipping strata adjacent to the faults. Vertical offset 

on many faults displays pronounced diffeJ;"ential, or "scissors," displacement along the fault trace. 

Only one important example of horizontal offset is evident- the Portal fault, a west-trending 

fault which forms the southwestern deposit border. This fault exhibits about 2,000 feet of right 

lateral strike slip movement. 

The fault-fold structures commonly exhibit structural and stratigraphic thinning. 

Structural thinning due to minor dip slip offsets, is indicated along the trend of most faults. More 

than 400 feet of this offset is found at 4000N on the Central Jenifer fault. Stratigraphic thinning 

of the sodium borates adjacent to the northwest-trending faults is evident locally, especially on 

the up-thrown blocks (figure 5). Some thinning along faults is due to post-emplacement 

dissolution of kernite and borax. Pit exposures at several faults exhibit bedding collapse, 

pseudomorphs, and other solution features which suggest removal of sodium borates by circulating 

ground water. 
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Geologic History 

The Kramer lakebeds were deposited in an east-west-trending basin, which was formed 

by subsidence on the Western Borax fault. After extrusion of the Saddleback basalt, boron and 

sodium in waters from local thermal springs, mingled with calcium-bearing surface waters and 

formed ulexite in the muds of a playa, located north of the fault. The clays of the deposit were 

derived as weathered products of the iron- and magnesium-rich volcanic rocks. Eventually, a 

lake formed in the central portion of the playa basin, and borax began to form on the bottom 

muds as a primary precipitate. Water from the thermal spring source, assumed to contain more 

sodium borate than the cooler lake water and, consequently, to be denser, flowed to the lake 

bottom, cooled, and precipitated borax. Lighter, near-surface waters bearing sodium chloride and 

other dissolved salts, overflowed at a low outlet. The lake was probably like modern lakes of the 

region, with temperatures ranging seasonally from 10 to 25 degrees C. Successive beds of borax 

crystals, protected by layers of mud, were progressively deposited as the basin continued to 

subside. 

The formation of lower-grade units at three depositional intervals (A-, B-, and C-zones) 

was probably caused by climatic change or protracted periods of borax undersaturation. 

Realgar (AsS) and stibnite (Sb2S3), carried in solution from the hot spring source, were 

co-precipitated with the borax and at greatest concentration during the late stages of borax 

deposition. 

The location of the deposit boundaries shifted and the size of the lake varied, as the basin 

filled with borax and clay. The early borax deposition was restricted to the southern and eastern 

portions of the ore body. The center of deposition shifted north in the mid- to late-stages. 

Lower ore time marked the period of greatest extent of the sodium borates. 

During lakebed deposition, a minor amount of vertical movement occurred on the 

northwest-trending faults. This apparently resulted in less deposition of borax adjacent to the 

faults. 

The last stages of the lake, after deposition of borax ceased, included deposition of ulexite 

and clay and, lastly, clay with volcanic ash. The lake phase came to a close as continued fault 

movement tilted and dropped the lake sediments and buried them under more than 2,000 feet of 

late Miocene and Pliocene arkosic sediments. During the period of deepest burial and maximum 

temperatures, kernite replaced borax as stratigraphically high as the Upper ore, but nearly all the 

kernite was formed in those units below the A-zone. Probertite formed contemporaneous with the 

kernite, probably by the reaction of calcium from dolomite in the clays. 

Late in the middle Pliocene, during the uplift of the Mojave block, the Kramer beds were 

uplifted, folded, and faulted. This period included the greatest amount of folding and dip-slip 

fault activity on the northwest-trending faults. The uplifting resulted in the erosion of a thick 
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sequence of upper Kramer sediments. As unloading of the borate deposit progressed, pressure 

and temperature were gradually reduced, and borax replaced kernite on the outer fringe of the 

kernite crystal mass and in narrow zones adjacent to the fa,ults. Sucrosic borax filled most of the 

numerous fractures formed during tilting and folding of the deposit. 

Following the most recent episode of uplift and erosion, alluvium was deposited on 

beveled Kramer beds during both Quaternary and Recent periods. 
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