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ABbTSACT

Although the iormation oi magnesite by a hydrothermal- 
meia somatic process i*  po «s ib i« it* operation requires 
nicely balanced condition* which are dim cait to maintain.
On examination oi the operation o i this process in the iield  
it I* loond to produce, with minor and doubtful exceptions, 
brucite rather than magnesite.

Crystalline magnesite is most often found in uolomite 
(om tttm it oi heterogeneous sedimentary sequences. These 
are characteristically laid down in the shallow unstable 
shell areas oi geosynclines, ft is  suggested that magnesite 
is also dsposited under like conditions in restricted embay* 
meats in the shell In which the magnesium content m  the 
sea water is locally enriched by reworking and dissolution, 
in the*presence oi suliate, o i previously or contemperaae- 
ously deposited dolomite, dolomite may be iorming diage- 
netically in the same embaymeat irem  aragonitic muds. 
Jiagenesis takes place in the disordered state in the Iran* 
sitioa from  aragonite to calcite. In this interval magnesium 
is incorporated in the lattice oi the calcite. The dolomite 
termed, being tar less soluble than the other carbonates, 
is coacentrated when the excess calcite is dissolved by re ­
working oi the muds.





An examination of magnesite deposits in interior 
bovine supports the evidence from marine environments 
that they were laid down contemporaneously with the 
sediments* and that the magnesia was derived from  
aea water or from  the weathering products o f magnesia- 
rich rocks brought into the basins by sedimentary 
processes and not introduced by hot springs or other 
hydrothermal sources.

A  brie f examination of the formation of magnesite 
in serpentine reveals here also the inadequacy of the 
hydrothermal hypothesis, feathering processes with 
subsequent transformation* purification and concentra­
tion of the firs t formed basic magnesia compounds by 
several cycles o f solution, migration and precipitation 
o ffer a more reasonable explanation. The reasoning 
is extended to the deposits at Currant Creek* Nevada* 
the Hshow p iece" fo r hydrothermal replacement. Here 
the deposits are more adequately accounted for by a 
two-step procees - the processes operating to produce 
bone magnesite in serpentine working on magnesia- 
rich* tuffaceous, carbonate sediments.

It is  concluded that msgaesite deposits of any 
consequence formed by hydrothermal or replacement 
processes are extrem ely rare.
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i t  typical, a t well a t the matt important geologically, which are 

related to both bone magnetite a t wall as crystalline magnesite as 

intermediate products in their formation. Mydromagnesite ie a soft, 

white finely crystalline, setae time a clay-like, mineral. It occurs 

most often as the principal ingredient in a mixture of such carbonates 

in the soils, or in local deposits in shallow, undrained, swampy 

basins in areas of serpentine rocks. In addition to the carbonates the 

mixture may also contain opaline silica, b rue it* (Mg(OH)^), and a 

variety o f hydrous magnesium silicate minerals, such as deweylite 

(JMg&OjMglOH^&HzO), In a different geologic setting but with sim i­

la r mineral associations, hydromagnesite is also the principal product 

resulting from  the weathering of brucite at Oabbs, Nevada. It is here 

an intermediate product between brucite on the one hand and bone 

magnesite on foe other.

The "crysta lline" variety of magnesite form s by far foe 

mast extensive deposits. The following w ill be concerned principally 

with these. They generally, though not always, occur within dolmite 

horisone of sedimentary sequences. Most have been intruded by a 

variety o f igneous rocks and operated upon by several geologic proc­

esses. They may be folded, faulted, and to some extent, metamorphosed 

and recrystallised so that the magnesite is  rarely  distinguishable from



tbe associated dolomite. This may also largely obscure* U  not Ob'- 

literate, most of the original structures.

The deposits are generally aligned with some dominant 

structural tread most often paralleling the tread o£ the enclosing 

rocks. Superimposed upon this is  the structural complexity result­

ing irom  folding, from  several periods oi faulting and from  the emplace­

ment of several generations of intrusive*. This picture may be further 

complicated by extensive thrusts and by the effects of hydrothermal, 

metamorphic, and metasomatic processes.

Complexity, however* does not end there. The deposits 

are rarely uniform throughout. Bands of dolomite within the magnesite 

are common and the change from  magnesite to dolomite may be abrupt 

although it  is  frequently gradational. Textural and color changes are, 

for the most part, unrelated to changes in composition but in a few 

deposits, particularly some in Austria, the color and texture of the 

magnesite are distinctive enough to be used in sorting the material 

underground. Textures vary from  coarse and granular to aphanitie.

The colors range from  reddish pink through buff and gray to almost 

black, feathering may produce a sandy, pitted surface colored, 

almost invariably, some shade from  bull to chocolate brown*

M ineralogically the deposits are relatively simple consi sting

3

overwhelmingly of crystalline magnesite and dolomite. Cal cite.
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tbsugh a n ie n t  la some, 1* rarely abundant. ^ ro liia  ration « i  m iner*!* 

epical detail t i  found. when on* examinee them m ore closely. This is  

the result oi the many processes that* however* eiiect the magnesite 

only locally. Tremolite* diop side, and garnet* and occasionally 

periclaee* may reflect the eiiect* o i contact metamorphism. berpen- 

tine, for ate rite, and brueite are the result# o i metaeomatime. Vein 

dolomite* vein serpentine* talc, rarely caicita, some kaoiioite, 

possible deweylite* and perhaps some bone magnesite, are produced 

by hydrothermal processes. The above is  only a partial list o i 

mineral# but it indicates the raage o i possibilities.

Out o i this profit don oi detail must be culled the essence oi 

our idea ae to how the deposits came into being. Up until a few year* 

ago there was hardly a doubt that they were the result oi metasomatic 

replacement oi dolomite by magnesite. The source oi the magnesia 

was at Ur at attributed to magmatic activity which also furnished the 

driviag energy for the process* dine# the work of Faust (1949) and 

others demonstrated the possibility o i deriving magnesia-rich solu­

tions by natural processes analogous to the partial calcination of 

dolomite to periclase ami caicita and the dissolution o i the periclaee 

by hot carbon dioxide chargeu magmatic waters,this process has been 

repeatedly invoked to account for practically a ll magnesite deposits. 

Recently dodenloe (1954) has applied it with indifferent success to
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account for the crystalline magnesite deposits in the Serra das £guas. 

Bruna&do Bahia, and elsewhere in Brasil. This point of view has 

been so often examined, fortified, and refined in the literature that it 

needs no further documentation. This hypothesis rests largely 

upon three elements :a source o f magnesia such as dolomite, magmatic 

activity and emanations which presumably operate upon the dolomite and 

furnish the driving energy fo r the replacement process, ami the evi­

dence for the operation o f this process in the deposits themselves.

It w ill be the burden of this paper to show that whereas mag­

nesite bodies might originate in the manner outlined above the process 

does not adequately account for the deposits at Gabbs, Nevada, and 

further, fo r sim ilar deposits elsewhere. To this end the occurrences 

at Gabbs, with which the w riter is  most fam iliar, w ill be described in 

some detail. B rie f descriptions w ill also be given of tlv.. deposits at 

Craabrook in British Columbia, those at CheweUh, Washington, and 

at K ilm ar, Quebec, a ll of which the w riter has visited. Structurally 

and petrographlcaily they vary from  the simplest to the most complex 

and together cover a large part of the range of occurrences. In spite 

o f their diversity, however, the w riter hopes to show that a ll owe their 

origin principally to sedimentary processes and that the me tasomatic 

and other effects often observed have been imposed, fo r the most part, 

a fter the deposits were emplaced.
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1930, and a prelim inary geologic study was mods by Eugene 

Callaghan (19)3) e l the United states Geological survey la cooperation 

with the Nevada State Bureau o f Mines. during Yvorla Vnr 11,

Callaghan and Charles Vitaliaao, assisted hy other members of the 

Survey, made a mere detailed investigation. D w  result o f this work 

has been published by the Halted States Geological Survey as Mineral 

Investigations Field Studies Map M f  33 (1956), a reduced reproduction 

of which ie  appended as Plate 1 tor convenience.

Subsequently Vitaliaao et a l (1957) extended toe area 

previously mapped to about 105 square m iles o f the northwestern part 

o f toe Paradise Peak quadrangle which includes the magnesite 

deposits. This map Mr §2 is  reproduced as Plate XL Neither map 

MF 35 nor MF 52 shows the finer structural details later discussed. 

These have not. as yet. been completely unravelled.

The stratigraphy of toe Mesoaoie rocks in the area has been 

described by Muller and Ferguson (1939) and a petrographic description 

of the igneous rocks is  given hy Callaghan (1935). Ferguson sac 

Muller (1949) have also outlined the structural development of the 

region in some detail. The location os the area and toe outline of 

toe Lunlng £mbayment« dotted where it  is  not definitely known, nre 

shown on f ig ,  1.
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la some ****** it consists principally o f dark gray dolomite and 

subordinate limestone. In other*, it ia made up largely  of black, 

tbia-be tided limestone, lesser arg illite, and occasional sandstone.

The dolomite contains die magnesite deposits. Overlying these are 

the dark, carbonaceous silt atone and shale o f the uppermost Triassic 

Gabbs formation which grade upward into dark thin-bedded limestone 

and dolomite. The lowermost Jurassic Sunrise formation, which is 

sim ilar to the Gabbs la Ulhology, overlies the Gabbs formation, without 

a deposit!anal break. This Is overlain in turn * uacoaformably ia 

most places - by the Dunlap formation which consists largely o f 

Itlagl nine rate a. The appearance of fills coarse elastic m aterial 

heralds the renewal of warping and folding which ultimately culminated 

in thrusting on a grand scale in early Jurassic time. This was 

already intimated by the previous instabilities as suggested by the 

many facies changes, particularly throughout the 0, 300 feet o f Losing 

deposition, Muller and Ferguson (103$, p. 1505) comment cm* this in 

fit* following words:

’ ’Scattered occurrences o f intercalated coral reefs over 

the entire area suggest general shallowness of the sea with some 

irregu larities o f the strand tine. - ---T h e  area in which the Luning 

sediments were deposited was dominantly  sinking in Luning time, but
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locally there were marked oscillations evidenced by a frequent re­

currence of conglomerates in the near shore belt, by repetition of 

banks; o i  Alectryonia monti 3-cap r ills , and by a repeated occurrence 

of thin coral reefs. *'

Evidence that this instability persisted to the end of the 

laming deposition can he found also in the uppermost dolomite that, 

at Gabbs, lies in the overriding plate o f the Paradise thrust. This 

dolomite is a dark, almost black, very fine-grained to dense, medium- 

to thick-bedded rock, somewhat metamorphosed as indicated by 

occasional trem olitic zones and scattered tiny flakes of talc. There 

are also more intensely silicated horizons of which more w ill be 

eaid later. Locally the dark, dense dolomite may be recrystallized 

to a dense white marble. There are thin, persistent, layers of black 

hornfelsic shale, and siliceious beds containing fragmented, lenticular, 

nodules of chert. Faults o f small displacement involving only a few beds 

are also common. And not too rare are beds of dolomitic or chert 

conglomerate. Weathering occasionally brings out the ghosts o f plas­

tically deformed, blocky , intraformational breccia, and at one place 

in Tungsten Gulch a thin layer of quartzite is  preserved la a small, 

overturned intraformational fold.
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Except for Ifee faulting associated with the development of- 

the Basin Range structure, which ie  still continuing, poet* 

graaodiorite movement has been pereieteat, but generally not very 

extensive* This is  illustrated best in the magnesite deposits and w ill 

be treated more fully in connection with them.

In the Gabbs area la  general, tire regional structural 

treads - those o f the major faults, folds, and iatrusives * are to the 

north*northwest below the Paradise thrust. Above it, in the dolomite 

of the upper plate, they are more to the northwest* The dip o f the 

bedding, which is  generally lese than 30°. ia dominantly to the south­

west.

Igneous Activity

The close o f dinstrophism saw the intrusion first o f 

several varieties of andesite dikes followed by grmaophyre dikes, 

then granediorlte. A fter the graaodiorite and aplite, malchite, 

dacite, and tertiary rhyolite dike# were inirodea. The igneous rocks 

kave been described ia  detail by Callaghan (1935, p. 102-307) and 

arranged ia  their proper time sequence ae determined from  their 

cross-cutting relationships by Vitaliaao, et al (1957). The only 

comment that needs to he made here is  that elsewhere in the area, 

particularly eight m iles to the north o f Gabbs, the platonic rocks
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include, besides the granodiorite, diorite and granite. The gr anodic rite 

is believed to be the latest phase and the granite the earliest (Vitaliaao, 

et al, 1957). Ferguson and Muller (1949, p. 13) relate the age of the 

granitic intrusive* to those o£ the Sierra Nevada and to the Nevadan 

orogeny.

Mentioned above are andesite dikes which antedate the 

gr&nodiorite. It should be emphasised that some dikes which also 

traverse the magnesite deposits, are already involved in the earliest 

Jurassic thrusting. This indicates that they are either older or at 

least contemporaneous with the thrusts. These may be a phase of 

Dunlap volcanism mentioned earlier.

DESCRIPTION OF THE MAGNESITE OCCURRENCE A T  QABBo

Physical Characteristics and Structure

The magnesite Occurs interiayered with re crystallised dolomite, 

within, and near the top of, a 3,000 foot section of the dark gray to 

black, dense dolomite o f the topmost member of the tuning formation 

which, at Gabbs, occupies the imbricated upper plate of the gently 

westward-dipping Paradise thrust. The principal deposits lie  in two 

local synclinal troughs on both sides of a northerly-trending apophysis of



tfe* main granodiorite stock. The magnesite sone is shout 400 feet 

thick, but pendants o f it extend to 700 feet in the granodiorite. in 

texture, color and other physical characteristics the magnesite is 

indistinguishable from the associated crystalline dolomite. -Each, 

however, is readily distinguished from the main mass of the dark 

dense dolomite with which both, separately or together, inter finger, 

except where it is  marbeliaed, the weathered surface of the dense, 

dark dolomite is  invariably gray, whereas that of the magnesite and 

magnesiUc dolomite is usually buff or rusty brown, and commonly 

it has a sugary texture. Ota a fresh break the texture may be fine­

grained, sandy, or coarse-granular; and the color, white to very 

dark gray, sometimee mottled. A  buff mottling usually means thru 

dolomite is  present in tke magnesite and this may indicate a 

recry  stall! aed fault breccia. In the magnesitised dolomite zone, 

all gradations of the mixture of the two carbonates, from  magnesite 

to dolomite, exist.

Bedding in the dense, dark dolomite is  readily apparent, 

la the magnesite it ie  more obscure but discernible enough to aid in 

unravelling the structure, and to leave no doubt as to the bedded 

nature of the deposit. Rarely, a thin layer of black hom ieU ie 

shale may also be found interbedded with the magnesite.

15
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ti»i» higher silica seme is  generally absent.

17

vv gathering w ill sometimes bring out the outlines of frag­

mental m aterial o f the hark, dense dolomite in a matrix of buff dolomite 

sand along the bedding contacts, la some areas* particularly those in 

which the two carbonates inter finger or where the bedding contact 

steepens* this sort o f transitional conglomerate may range through a 

score of feet or more. Both bedding and fault contacts are, of course, 

completely recrystallised so that the features discussed above are 

apparent only on weathered surfaces. Generally, however, the contact 

sons is  also marked by a much coarser crystallinity in the buff­

weathering carbonate so that this often gives a hint of its presence even 

on a fresh quarry face. St would appear that during re crystallisation 

the greater space available along contacts permitted coarser crystal 

growth. The interpenetrating veinlets and reciprocal replacement 

features, tending to eliminate the boundary, which one would expect to 

find at the contacts o f any d issim ilar carbonates under like conditions, 

may also have been developed during this recrystallization.

Several generations of fault contacts have been mentioned.

It should be added that the earliest are probably contemporaneous with 

the bedding contacts. It may be recalled that the crustal instability 

which was characteristic o f Luaing time extended through the deposition 

of the upper dark, dense Luning dolomite. Evidence for such instability



18

i «  also found in the magnesite deposits. The most striking is exposed in 

the present quarry. Locally down-warped magnesite beds are overlain 

unconformably by a two-foot bed of dark, dense dolomite which is un­

affected by the warping. Overlying the dolomite conformably is  more 

magnesite. That small scale normal faulting,at places involving only 

a few  beds, has occurred during the deposition of the magnesite is shown 

most clearly  near the eastern bo undry of the deposit. Here the contact 

with the dark, dense dolomite gives the impression of a giant stairway 

descending toward the west. Steep fault contacts alternate with flat 

bedding contacts, which on opposite sides of the fault plane may show a 

slight divergence in dip. The faults may, at times, terminate against 

later transgressing magnesite beds. In contrast to the bedding contacts, 

these early faults are rarely  siliceous. Within the magnesite they are 

completely obscured but may be marked by a zone o f slightly coarser cry­

stallisation. Their general trend is toward the north-northeast but locally 

they may have any direction. These faults antedate a ll other structures 

except the bedding.

Faults o f a second,later set, trending northeasterly and 

also recrystallised, are more readily traceable on the surface 

within both the dolomite and magnesite by the weathered zone of
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brownish discoloration and ghosts of the original breccia. On a 

fresh quarry face they are obscure but may sometimes be distinguished 

by a zone of mottling and heterogeneous sizes of the crystal 

The upper parts of diamond drill holes 602 and 612 in sections 10 and 

12 (Plate III) pass through one of them. Again we note the dolomitiza- 

tion along the fault and the absence o, silicification. This holds true 

in general within the magnesite areas that zones of stress are 

usually dolomitic (Martin, 1956, p. 1774).

Reverse faults of a third, flatter, west-dipping set, of 

about the same age as the second (both are probably related to the 

period of early thrusting) follow the northwesterly regional trend of 

the area and are often the channelways for the granophyre and other 

intrusives. These are characterized by wider and more obvious 

breccia zones which, where they have not been elite red by the intru­

sives, are also recrystallized.

Also following the regional northwesterly trend, zones of 

dolomitization were encountered in the course of mining operations 

for which at first no adequate explanation could be found. Subsequently 

more detadled mapping disclosed, however, that these usually 

coincided with zones of local flexure which would, at places along 

their trend, become faults.
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Three seta of Tertiary and later structures add to the 

complexity o f the deposit*. The most prominent o f these are faults 

which strike almost easterly aad dip steeply to the south. Where they 

cut the various dikes, they are characterised fay a siliceous gouge, 

silic ified  carbonate breccia, aad local hydrothermal alteration of 

the wall rock. Along one of them, the Tungsten fault, scheelite has 

been deposited. The osteal of die movement along them has been 

minor and mostly horicental. Associated with the faults are local 

bedding slips which may & e out within a short distance o f the main 

fault.

i>eioarenite Dikes

The last is  a system o f steep open fractures and shear 

cones parallel to the east*northeasteriy trending set o f dominant 

joints. These are ofte* T iled with pulverulent secondary carbonates - 

aragonite fo r instance * and clay-like mixtures o f hydrous magnesium 

carbonates aad silicates. At the intersections o f dikes end faults, 

where the shearing has been accentuated aad breeciatien has been 

intensified, subterranian percolation of meteoric waters may 

develop solution breccias. These sometimes collapse. The 

increased and swifter flow  of water through the collapsed breccia 

then begins to scour aad erode it from  the top aad to f i l l  the
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inter sticial space* with carbonate sand# usually dolomite, not only 

within the breccia itself# bat along the underground channel beyond 

it. ! i  the clastic burden mi the underground stream becomes too 

great# deposition w ill take place. The lighter stream load permits 

an increase in velocity and the stream may now begin to scour# not 

the smooth bed# but the uneven roof and sides# so that as it 

aggrades the floor, the stream degrades the root ot  the channel at 

the same time. If this continues for any length o f time# an under* 

ground "dike” o i clastic dolomite is built up retaining all tee features 

o i Its origin# such as cros*»beddiag, graded bedding * even ripple 

marks.-, f  urther, as headward erosion of the roof continues and the 

tdMutnel fills j the previously deposited sand* w ill become cemented# 

reducing the area through which percolation can take place, thus 

increasing the stream low and# at the same time the load# at the 

headward end. This accelerates the a iling until the channel is 

dosed . Several collapsed solution breccias and clastic dolomite 

dikes have been exposed in the quarries at Gabbs. ‘The iron*coated 

solution breccia and intersticiai doloarenite is not, as yet# recrys­

tallised. Suppose# however# that it were - not only recryatailinsd 

but metamorphosed - so that the sedimentary structures were 

destroyed. The result would be a dike of coarsely crystalline
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Grade <n the Magnesite

The graphic chemical logs (Plate 111) and the chemical 

centaur map (Plate IV ) chow better than any column oi analyses the 

variation in the grade of the ore. The magnesite ie  contaminated 

principally by silica and Ume. occasionally alumina* ami rarely* 

phosphorus. Except in the vicinity e l dikes* the proportion o f com* 

bined alumina* titania, and iron oxide in the magnesite rare ly  exceeds 

2%. Generally* it is  below 1% and in the dolomite it ie  even lower.

The iron accounts for about 50% of the total content. Phosphorus

rises above tolerable lim its only occasionally. Except fo r the 

structurally disturbed trem olitie and dike areas* the silica content 

in the better parts of tits deposits is below 2% fo r the most part. 

Understandably* the lime content* chiefly in the form  of dolomite* 

varies most widely. Although it may be as low as 0. S%* It ie  

commonly greater than L  8%, even in the best parte of the deposit.

The Chemical Contour Map

The various structures discussed previously and the 

variations in the grade o f the magnesite are made apparent on the 

chemical contour map (Plate IV  in hack pocket). The construction 

o f this map and its use in connection with the mining operations at 

Gabbs* Nevada, have been discussed in detail elsewhere (Martin and 

Willard* 1957* p. 426). B riefly , the chemical analyses o f the d rill
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cutting* from the quArry blast holes are plotted on a map of the 

beach being drilled* aad chemical contours are drawn separating the 

•rebody into the various grade soaes to be mined. The plot is ia 

term * o l two variable*. Th# CaO content which is shown ia variously 

colored hands going up the color spectrum with iac res sing lim e 

is  the most important. The red areas indicate the lowest lime 

contest (lew  than l. 5%) and the purple areas the highest (greater 

than 20%). Superposed upon this are green contours outlining the 

various soaee lying between certain lim its ot the silica or acid 

insoluble (insol) content. The various ore grade boundaries are 

staked out on the bench niter a blast* and the m aterial is  mined 

accordingly.

The map covers a small area in the southeast corner o f 

Plate l* just west o f the two dikes and astride the fault* (the 

Tungsten fault), shown there. The eastsriy-trendiag dark gray band 

traversing the center m  the contour map is  the high insol so as 

representing the Tungsten fault. The northwesterly-trending gray 

colored soaes in the upper right and lower right corners of the 

colored area are dikes. The purple area in the upper right-hand 

corner west ox the intersection of the dike with the Tungsten fault 

represents a collapsed solution breccia* and the high lime band
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extending irom  il  to the west, the filled  channel of the underground 

stream. Ih e  latter joins a zone of Uexure represented by the area 

•* high lime to the northwest and other areas on the same trend to 

the southeast. The three high lime belts striking about N, 709E,repre­

sent the recrystallised and dolomitised iault zones discussed 

previously which cut through the flexure zone mentioned before and 

are approaching another at the western edge oi the map. The high 

iaeol area (stippled) below the southernmost of these faults on the 

map means either that the drills  have encountered a tremollte layer 

or a bedding iault - in this instance, tide latter.

.< 5 ^ r  ;y fH& fl&UCITS DEPOSITS

U magnesite deposits are formed by hydrothermal processes, 

then the extensive transformations that have occurred,wherever 

masses of magnesite and dolomite have been engulfed in the grano- 

diorite and largely converted to brucite, might shed some light on them. 

The massive brucite deposits at Gabbs, estimated to contain over 

I ,  000,000 tons of brucitic material (Callaghan, 1933) occur in two 

pennants In granodiorite (lying on either side o f the apophysis 

mentioned ea r lie r ) in which most of the magnesite and some of the 

dolomite has been converted to brucite by the action of the intrusive.

The larger of the two deposits is about 1, 500 feet long and 500 feet 

wide at the surface, and 700 feet deep, diamond drilling indicates



that at no great depth the brucite is completely surrounded by the 

granodiorite which apparently acted as a huge autoclave and also 

supplied the heat and the fluids to bring about the transformation.

The conversion, however, was far from complete and large blocks 

of dolomite, as well as magnesite, remain unaltered. The brucite 

bodies are traversed by the various dikes mentioned previously and 

also by tongues of graaodiorite a ll o f which have been, in part, 

coverted to serpentine. Besides forsterite (MggdiCb), serpentine 

( ^ 8 3SiO^Oj.{OH)^), and rarely periclaae (MgO), there are developed 

a host Of complex magnesium silicate minerals of the sepiolite- 

uewaylite type (3MgSiO^. Mg<OH)^. SH^O) a* well as vein- of cross'•cutting, 

coarse, white dolomite, and bone magnesite. Weathering has converted 

the brucite to hydromagnesite sometimes to a depth o f 59 feet or more.

The bone magnesite may also, in large part, be derived from 

further carbon&tion of the hydromagnesite and downward migration as 

Mg (HCO^K and redepesition as MgCO^, under some hydrostatic 

head, along the many openings, particularly in the sone of brecciation 

along the contact with the graaodiorite.

Formation o f the Brucite

The transformation of the carbonate to brucite is usually 

thought to involve two steps: the calcination of the magnesite

26
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to pericla.se, and the subsequent hydration of the magnesium oxide 

to brucite. However, it is doubtful that at Gabbs this took place.

The mineral assemblage, particularly the presence o f serpentine and 

forsterite with periclasa would indicate that the temperature for the 

large scale decomposition of magnesite into periclase and carbon- 

dioxide was not attained except perhaps quite locally (Bowen 1940), (Bowen 

and Tuttle, 1949)# Weeks (1956 a, p. 258) has calculated the pressure- 

temperature equilibrium curves from thermodynamic data for the 

reactions!

a ) MgC03 4 Si02 -------\ MgSi03 4 CO-,

b) 2 MgC03 4 Si02 .........> Mg2SiC4 4 2C02

c ) MgCC3 .........> MgO 4 C 0 2

He shows that at the same pressure, reactions (a) and (b) w ill take 

place at substantially lower temperatures than reaction (c). For 

instance, at one atmosphere pressure reactions (a) and (b) take place 

at about 250 and 300° C. respectively. At the same pressure 

reaction (c) w ill occur at 410°. The same relationship holds at 

higher pressures. Between (b) and (c) still lie  the equilibria for 

diopside and wollastonite. However, reaction (c) is  not necessary for 

the formation o f brucite. If we Initiate the release of a small amount 

of C0 2 at the contact of the intrusive through reactions (a) or (b),



U (i l* i*  prevented from  escaping» then in the presence oi

water, the ioUowing reaction w ill take place;

4) MgCOj + HzO ♦  C02 .........f  hlg(HCQ3)2

IM s  puts the magnesia into solution. The release oi COg or dilution 

oi the solution with the attendant rise in pH w ill precipitate Mg(OH)
w

rather than MgCG^ according to the reaction:

*> Mg(HCOj)2 -------4 Ug{OH)z ♦ 2C02

Precipitation oi the Mg(OH>2 removes some water, 

increases the concentration oi the C02 again, and the process may be 

repeated. In this meansr a large body oi carbonate may be changed 

with a relatively small amount oi CO^ in solution at any one time. 

Thus, the reaction pressure and thereiore the temperature are kept 

to a minimum. This is  probably the process that iermed the brucitic 

marbles at Uakeiield, Quebec (Goudge, 1940), in the Organ Mountains 

o i Hew Mexico (Dunham, 1935), and elsewhere. A ll occur within 

pendants o i dolomite in granitic recks. The brucite occurs as small 

granules and rosettes la  a m atrix o i calcite. The transformation is  

usually postulated ae iollows;

i )  CaMg(CG3)2 4 Heat 4 MgO + 0aCO3 + C©2 

g) MgO 4 H20 .........4 Mg(OH)2

The presence o i unreacted peri class granules surrounded by brucite

2ft
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i «  cite4 a* evidence for these reaction*. The calculated dissociation 

temperature lo r  reaction ( f ) at one atmosphere COj> pressure is 

506® C (Weeks, 1956a, p. 249). Actually it takes place between 

700° and 500° C depending upon the iron content, and as low as 

600° C i f  the CQ2 pressure is  lew enough. However, we need not 

climb this peri class temperature ridge. Consider the following 

reaction given by Weeks (1956a, p. 259): 

h) CaMg (C O j)2 4 2SiOz * — — 4 CaMg(Si03)2 4 2C02 

(A  sim ilar equation could be written lo r  the formation of enstatlte plus 

calcit* rather than diop side). The calculated temperature at one 

atmosphere pressure tor reaction (h) is  about 200° C, Again, the 

liberated CC>2, in the presence o f water, puts the dolomite into 

solution a* the bicarbonate* ol lime and magnesia from  which brucite, 

as w ell a * calc ite, may be precipitated as before.

Zf the transition through peridase  is  not necessary for the 

formation of brucite, how, then, are we to account for the peridase, 

which has been reported in all of the deposits t  Consider the reveres 

of the reaction (g ) above. Again at one atmosphere pressure the 

calculated temperature (as well as that experimentally determined) 

at which calcination o f brucite to peridase takes place Is about 290°. 

(Weeks, 1956b, p. 470), It can be seen th. as the temperature

126 8 2 :
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continues to rise the firs t io m s 4  brucite w ill be overtaken, and tome 

Of It w ill be decomposed without necessarily affecting the previously 

form ed serpentine and for ste rite. As the temperature drops again, 

the peridase w ill be rehydrated and this, at times, incompletely.

Little has been published on the system MgQ - H^O - CQ2- Si02 

so the various phase boundaries are not as yet w ell defined in the range 

Of temperatures being discussed. However, the T - P  curve for 

reaction (g) always lies below those for reactions (a ) and (b) even at 

higher pressures so that the reasoning above would still be valid.

Kaaakov* A. V . , et al (1957) have investigated the system 

MgO • H2Q - C02 at the 20*, 50°, and 150° C isotherms, and at 

COg concentrations from  0 to 19, 000 mg. /L At 20° C and concentra­

tions up to 270 mg. /I. C02 brucite is stable. Intermediate tempera­

tures and higher concentrations o f CO^ up to 6610 mg. JU gave mainly 

basic hydrous magnesium carbonates. At 150° C and concentrations 

of CO^ of 843-2528 mg. / I,» 85% of tbs solids formed were magnesite.

Therefore, low concentrations of CO are necessary at a ll tempera-
2

tares fo r the formation of brucite. These conditions are met in a 

partly open system in which the C02 may escape but where the water 

Is retained and enters into the composition o f the products.
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AND S1UCATSD DOLOMITS

The discussion oi  pyroxenite and silicated dolomite would 

appear to take us somewhat beyond the boundary of our present problem 

which is, after a ll, the origin of crystalline magnesite. However, 

some features of these deposits m il, perhaps,be better explained, after 

some examination of these rocks and the processes through which they 

originate.

The widespread regional metamorphism of the Imaining 

sediments in the Gabbs area has been mentioned by others (Vital!ano^ 

Callaghan, et al, 1957). The development of bands of tromolite and 

widely dispersed talc in the dark, dense dolomite of the Laming form­

ation has also been alluded to earlier in this discussion. There is 

always the temptation to attribute these effects to the influence of 

granitic intrusions. That the plutooic rocks did bring about changes in 

the intruded sediments there can be little doubt. The tactile zones 

developed along their contacts with carbonate rocks, are of course, 

fam iliar to everyone. And to a very limited, almost triv ia l, extent 

these effects are also evident at Gabbs. What needs further examination 

is  the regional silication involving dolomite masses comparable in 

volume to the intrusives themselves. The belt of silication along the 

western foothills of the Paradise Range is roughly eight m iles long, 

i f  its interruption by the intrusives and the magnesite deposits is
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aot excluded* and up to two mU«s wide. The general tread U  to the 

•aet Of north * almost at tight eagles to the tread ot  the intrusive*.

To the south of Gabbs* the holt diverges also irom  the tread of the 

Paradise thrust. (Plate II). la this area* large masses of dolomite 

have been, more or less* coaverted to a diopelde rock apparently by 

the simple exchange ot  silica tot carbon dioxide. An extreme example 

of tide transformation is  to he found ia  the western pan  o f the 

magnesite area directly sooth of the plant site (P late I). Here* a 

layer o f diopelde rock* 250 feet thick* overrides the magnesite in 

the Margie P it along a local thrust. Although still retaining a ll of the 

outward appearance and structure o f the dolomite* the rock's 

chemical composition is  essentially that o f diopelde. The following 

is  a typical analysis o f a portion of diamond drill core which has been 

recalculated omitting tike lose on ignition and 2 ^ 3  content* and 

compared with tike theoretical composition of diopelde (CaMgldiOj)^).

toss *2 °3 CaO MgO
% % % % %

i>. i>. Core L B * 5.85 49.82 25. 19 17. 55

Recalculated 53.83 27.21 18.96

Jd op si de (Theoretical) 55.48 25,98 18.62

The underlying magnesite remains completely unaffected by the 

drastic changes which took place in the sediments presently lying
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The simple system, HgO-COg-SQ^ in the form  of a colloidal 

silica gel, may yet turn out to be one ox the most important in nature. 

Modified by combination with other ions, it appears strongly to determine 

some properties o f soils. It may also play a significant role in the lithi- 

£ication and metamorphosis of sediments and, one suspects, their 

transformation into "igneous" rocks. Its ubiquitous influence has 

remained obscure because the changes which it facilitates in the rocks 

also destroy its identity. However, reconstituted, it finds expression 

as quarts.

THS ORIGIN OF TH£ MAQN&SITJS DEPOSITS A T  GAB3S 

The Role of Thrusting

It should bo clear from  the foregoing discussion that a 

genetic link between the intrusives and the magnesite deposits is 

untenable. Could the magnesite deposits have been formed during the 

thrusting f

The remnant o f the trust sheet, in the upper plate o f the 

Paradise thrust lying directly south of Downeyvilie, (Plate II), along 

which the £aecelsior formation overrides the middle ami upper Inning, 

must at one time have extended over a much larger area, possibly 

over the present site of the magnesite deposits and beyond, conceivably 

joining the South thrust (Ferguson and Muller 1949, p. 40) cropping 

out just south of the map area. This thrusting could have been
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let us see if a different process will not account more adequately 

for its origin. It has been brought out earlier in this discussion 

that the magnesite was involved in most if not all of the events that 

have affected the Upper Laming sediments as a whole. The earliest 

of these were local warping and small-scale contemporaneous 

faulting. That the magnesite emplacement antedates ail structures 

is further emphasized by the lack of evidence for any structural 

control of the deposition. The persistance of discordant bedding 

and recry3tallized dolomite sands and conglomerates at the contacts 

of the high magnesia rocks with the underlying dark, dense dolomite 

all point to a sedimentary environment for the emplacement of the 

magnesite. If this is so, then how and when did the deposition take 

place ?

Let us recall for the moment the two facies of the Upper 

Luning. Beneath the thrust it consists dominantly of black, thin- 

bedded limestone with minor interbedded argillite. The rocks in 

the upper plate, on the other hand, are made up for the most part of 

the dark, sense dolomite, in which the magnesite is found. Accord­

ing to Ferguson and Muller (1949, p. 5), the carbonaceous thin-bedded 

limestone and argillite represent the near-shore facies of which the 

dolomite is the essentially contemporaneous offshore equivalent
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brought to its present position by the Paradise thrust. Both were 

deposited in the same shallow basin receiving, at the same time in 

their respective areas, only the finer clastic and carbonate sediments. 

The black color of the thin-bedded limestone and also that of the 

dolomite is, no doubt, due to occluded carbon v/hich testifies to 

considerable organic activity during the time these sediments were 

laid down. The magnesite deposition took place, then, in the same 

offshore depositional environment as that of the surrounding dolomite. 

However, dolomite sands and conglomerates often found at the 

base and along the boundaries of the magnesite would indicate near­

shore conditions, and, what is more, near a land mass of considerable 

relief. On the other hand, the low silica content of the magnesite 

(except as this was subsequently introduced) and the exceedingly rare 

and very thin hornfelsic argillite horizons would indicate that the 

deposition took place far enough from the shore to be essentially 

beyond the reach of siliceous clastic contamination. Unless we 

postulate a sudden uplift at this time which is not born out elsewhere 

in the sediments, how are these facts to be reconciled?

The structural instability of the Luning embayment 

throughout Luning time has been mentioned before. Sight thousand 

feet or more of Luning sediments have now accumulated. The
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sinking has slackened. The basin is filling. Conglomerates, even 

around the margins, have given way to finer sediments, and the 

carbonates have spread over a greater area. Life is abundant in 

the warm shallow sea. Considering the comparatively small size 

of the embayment, perhaps some adjustment is due. This adjustment 

has, oJ course, been going on all along, but it was apparent in the 

sediments mostly only near the bordering lands. The sea is 

shallower now, and even a small amount of warping within the basin 

brings the bottom locally close to the surface perhaps raising an 

occasional island above it. Isolated domes line up into ridges, and 

as they rise within the limits of wave action, the tops will be broken 

and scoured, and the material deposited in the intervening troughs.

As warping continues and the sides of the ridges steepen, the still 

plastic carbonates tend to slide into the troughs folding and breaking 

up in the process. Now and again a part of a ridge will be faulted 

forming a graben, or the sediments in the troughs will be faulted 

due to compaction. A  buried fault ridge may remain between the 

trough and the graben - steep on the side of the graben, sloping more 

gently on the side towards the trough - over which later beds may be 

draped apparently assy metrically folded. It the floor of the trough 

or the graben drops low enough, the sediments it receives may
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consist for a time of the same kind being deposited in the larger basin 

so that there would be ridges and tongues of one kind of dolomite 

inter fingering with and interpenetrating a second kind - that which 

was being reworked. As the whole area rises or the sea falls, the 

material in the troughs may be reworked a second time. This con­

tinual plowing and hoeing, together with the pulsing of the sea and 

the changing cycles of life, will tend at times to dissolve the dolomite  ̂

at others to precipitate magnesite or possibly gypsum* according to 

whichever process the physical, chemical and ecological conditions 

may favor.

That such semi-emergent conditions, or possibly even 

complete local emergence, may have existed in the Luning Embayment 

at the end of Luning time is suggested by the sedimentary break and 

radical change in facies between the upper Luning dolomite which was 

followed, abruptly and without gradation, by the carbonaceous silt- 

stone of the lower Gabbs formation. The carbon in the siltstone 

suggests organic activity, probably in shallow water. Although no 

fossils have been found in either the magnesite or dolomite, the

* There is a small gypsum deposit in upper Luning limestone 
in the lower plate of the Paradise thrust four miles north of the 
magnesite deposits at Gabbs.
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occluded hydrogen sulfide which is liberated from the xmgnesite when 

it is being drilled or crushed is readily detectable, particularly when 

several drills are going at tire same time. A rather rough, but 

hardly ever-failing, test of the pit foreman for the grade of the ore 

at Gabbs is, "It must be good, it smells bad. « Occasionally the pit 

samples also contain a per cent or so of free^graphitic carbon.

When the elevations of the boundary between the dark, 

dense dolomite and the magnesitic dolomite, marked on the diamond 

drill holes, as shown, for instance, on sections 8 and 10, are plotted 

and contoured, the result shows up as troughs and ridges whose tread 

does not necessarily coincide with the trend of the local folding as 

mapped at the surface. Rather, the troughs are aligned more with 

the regional trend of the sediments in the lower plate oi the Paradise 

thrust. This, however, may be fortuitous as not enough of the 

subsurface structure of the magnesite area has been studied in detail.

Dolomite and a variety of magnesium carbonates are being 

deposited at the present time in several embayed bodies of salt water 

and saline and fresh water lakes. A most instructive example alluded 

to before is described by D. A. Vital (1951). He tells of recovering 

a gray, viscous substance of colloidal appearance floating near the 

shore of a saline lake ( _̂ ake iSl’ton). One part of this mass was not
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definitely identified other than that it displayed aggregate polarization 

with index N of 1. 507 to 1. 512. This was thought to be a sepiolitic 

silica gel. The other part of the mass upon analysis consisted of a plastic 

mixture of brucite, hydromagnesite and other hydrous basic mag­

nesium carbonates, and contained 8.4% carbon.

Kazakov, et al (1957) cite the deposition of magnesite in 

muds of Kira-Bogaz, an easterly embayment of the Caspian sea, 

and dolomite in the Kaidak bays of the Caspian Sea, and in the muds 

of Balkash Lake.

In Australia, Alderman and Skinner (1957, p. 561-567) describe 

the deposition of dolomitic sediments in saline lakes and in a shallow 

inlet of the sea 10 miles north of Kingston near the southeastern tip 

of the province of South Australia. Here, a dunal area, recently 

vacated by the sea, is covered with Pleistocere and Recent marine and 

fresh water sediments - mostly carbonates - underlain by 

dolomitic limestones of Tertiary age. Fine-grained plastic sediments 

consisting of dolomite, calcite with some halite and a little quartz and 

clay are deposited in ephemeral lakes - mostly during the spring and 

summer rains - from waters whose salinity may at times be half 

that of sea water. In some areas gypsum is being deposited, and in 

others there are carbonate beds 2 to 4 feet thick mostly o±



fine-grained dolomite. These lie above shelly beds and dark, sulfur-  

bearing muds. Sedimentation in the lakes is moat rapid when plant 

growth is most vigorous. During these times the pH of the water 

ses from a normal 8. 2 to 9. 3. Besides the pH and the concentration 

of magnesia and carbon dioxide, the presence of other ions, particularly 

s°4  and Cl, apparently also affect the precipitation of magnesium 

car Donate. What subtle control organic activity may exercise in 

addition to being a pH regulator and SOA generator is difficult to 

assess.

The pH, of course, varies with a wide variety of factors 

in addition to the concentration of CO~ . The pH of the saturated 

solution in contact with several solids at standard conditions is 

tabulated below. From the Handbook of Chemistry and Physics 

(33rd Sd. ) we have

Solid + Solution pH

MgO 10. 5
CaO 12.4
CaCO^ 9. 4

812) gives

Mg(HCO,)-, 7. 5
Ca(HC03) “ 6. 35
co,: J 5. 0
Mg£o3 9. 5
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Normally then no magnesium carbonate would be formed at a pH 

above 10. 5. Brucite would be the expected product. Between 10. 5 

and 9. 5 the hydrous basic carbonates would be formed, and below that 

the hydrous carbonate would precipitate. Magnesite does not form 

even at the pH of 9. 5 except at somewhat higher temperatures or at 

elevated pressures of CO„,. In general, as the CO„concentration 

decreases, the carbonates formed become more basic. A decrease 

in the concentration of CO^ can be brought about, of course, either 

by a rise in the temperature at the same pressure or a drop in the 

pressure at the same temperature. Kazakov, et al, (1957, Table 20) 

produced a mixture of hydromagnesite and magnesite at 60°C  from a 

solution containing 200 mg. /I. MgO, and 380 mg. /I. C O ? at pH of 

9. 43. This would seem to be the lower limit of MgCC>3 precipitation 

at that temperature. Neither dolomite nor magnesite have been 

precipitated in the laboratory under normal conditions. However, 

Rogers, et al, (1956, p. 177-184) describe nodules of dolomite in an 

alunimou s-dolomite - sepiolite marl below surface soil of aluminous- 

sepiolite, montmorillonite, iilite, quartz, and dolomite. The writer 

likewise has found nodules of a bone-like carbonate in small open 

caverns in the magnesite deposits at Gabbs which by chemical and 

X-ray analysis proved to be dolomite. Nodules of bone magnesite
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are common, of course, in the soils of serpentine areas. Nature 

does, then, produce dolomite and magnesite under surface conditions 

although man has yet to duplicate the process in the laboratory. How, 

then, is magnesite or, for that matter, dolomite formed in the kind of 

shallow basin postulated as the site of origin ?

The hydrous carbonates are converted to the anhydrous 

forms with a moderate increase in pressure (Faust, 1949, p. 810).

The decay of organic material would supply the carbon dioxide and 

a rise in the sea level, or simple sedimentary loading would increase 

the pressure. Again the colloidal carbonate might also be carried to 

deeper water and greater CO^ concentrations by local currents. All 

of the above processes are probably involved at one stage or another.

Geodes and Magnesite Nodules

Another, somewhat different, process may also play a 

significant part. Consider a drop of water. It retains its spherical 

shape because of the force of surface tension. This force is the 

product of the tension along a unit length times the total length, in 

this case, the circumference. This is balanced by the force of the 

liquid within the drop which is a product of the pressure (that is, 

force per unit of area) times the area, in this case the area of a plane 

passing through the diameter of the drop. If T is unit surface tension
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(dynes per centimeter), and P is the pressure, d, the diameter of 

the drop, and k , a constant indicating proportionality, then from the 

foregoing

kdT = d2P, or P = i i l
d

As the sire of the drop changes, T remains constant. P therefore 

varies with the diameter of the drop below a certain maximum 

diameter for a particular temperature. If the drop is made very 

small, the pressure becomes very great. There is no need to add 

the actual computations. The point is, the pressure can be made as 

great as we like by making the drop small enough. What has been 

said about very small drops applies also to very thin films.

To return now to our problem. We have seen that under 

"normal conditions" that is, the range of pressures, temperatures, 

concentrations and ecological environments to be encountered in the 

seas, brucite and hydromagnesite are precipitated, rather than 

magnesite. The initial precipitate is probably colloidal which 

becomes gel-like and clay-like as water is expelled. These plastic 

masses are held together, in large part, by the tension of inter­

particle films. If in this mass is developed a seed of a mineral of 

which the mass contains the ingredients, or if it contains such seeds 

of detrital origin, processes would be initiated which would tend to
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such as the formation of fluid inclusions which we ordinarily think 

oi as occurring only in hydrothermal solutions. It explains also the 

nodular magnesite occurring in serpentine and the nodules of 

dolomite mentioned before. The formation of nodular manganese 

in deep sea muds, as well as the growth of nodules of barite and 

phosphate, may have a similar explanation. The purity of the 

nodular magnesite might be explained by the agglomeration of the 

occluded silica gel as outlined.

In the precipitation of dolomite there is an additional 

complication because of the formation of the double carbonate. The 

introduction of another step and process, previously mentioned, 

might open the door to an explanation of its origin. Assume that 

the first temporary step is the precipitation of the lime as aragonite 

which immediately starts its transition to calcite. As it passes 

through the disordered state (Thompson, 1955, p. 974) introduction 

of magnesia could take place, particularly if the transition occurs 

at above normal temperatures in a carbonate mud where the facilitating 

agency of organic activity and the forces of our powerful drop of 

water can be brought to bear. This is suggested in part by accounts 

oi the formation of dolomitic limestone from coralline aragonitic 

lime muds in the Bahamas and the fact that aragonite and dolomite
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tfec magnesia. However, there are sedimentary deposit* of 

magnesite which were laid down in continental basins. Of these, 

the best known in the United states are those in Clark County, Nevada, 

south of Overton, (Hewett, et at, 1936, p. 119-141 j and near Needles, 

ia  baa Bernadino County, California (Vitaliano, 1950, p. 357-376}.

The deposits at Overton consist of thin interbedded white, clay-like 

siliceous magnesite, dolomite, stltstone and tulfaceous beds,

155 to 325 feet thick, occurring ia  the Miocene (? )  Horse Springs 

formation. The siliceous m aterial corresponds to parasepiloite in 

composition (2MgO. 3iiO^. 2H-,0) (Hewett, et al, 1936, p. 130). The 

California deposits ars sim ilar. In the Needles deposits, the 

horison containing the magnesite is 80 feet thick and consists of 

dense clay-like white magnesite and dolomite with some shale.

Hewett and Vitaliaao agree on the continental and sedimentary nature 

of these deposits and both agree also with longw ell (1928, p. 85) 

that the magnesia was brought into the lake basins by deep-seated 

hot springs. Hewett, et al (1936, p. 135) speculate that the dolomite 

from the Faleosic rocks ia  the nearby Muddy Mountains might be 

the source of magnesia for the Overton magnesite, but dismiss this 

idea as unlikely because o f the problem of accounting for the calcite 

that would be left over. Let us see if  that can be done.
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The problem is two*fold and the reverse oi whet it has 

been before: ttrst, to get the dolomite bach into solution, end 

second, to separate the lime from  the magnesia, and to do this under 

what we have been calling ’’normal conditions'* (see above). How 

Faust and Callaghan (1948, p. 11-74) and later Faust (1949, p. 769-823) 

derive a magnesia-rich solution has already been mentioned. Their 

processes require elevated temperatures and pressure. At one 

atmosphere CO j pressure, both caleite and magnesite are more 

soluble than dolomite, and when it does dissolve, its solution takes 

place coagruently. Their solubilities in m illim oles oi bicarbonate 

per 1000 grams oi solution under the conditions stated are: calcite,

9 m iilim ., magnesite, 18 m illim ., dolomite, 3. 2 m illim . Under 

normal conditions the solubility o i dolomite is  negligible. (O. K. 

Yanat'eva, 1949, p. 479*481). Yaaat*eva (1950, p. 252-288) studied 

the solubility o i dolomite at 25° C. and one atmosphere CO2 pressure 

in the presence oi N a Cl up to 2% and in the presence o i gypsum 

(C0SO4. 2H20 ), magnesium suilats (MgnO^nH^O) and calcite (CaCO^) 

and various combinations o i these.

The presence oi NtCl increased the solubility o i dolomite 

from  3.2 to about 6.4  m illim oles psr liter at Z% NaCl, but equili­

brium was delayeu^with increase o i NaCl,to 165 days at the highest
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atmosphere C02 pressure sod in a saturated solution of Caf»04, the 

solubility differed little from  that at the same pressure in pure water. 

The higher SQ4 concentrations re suited in longer times for equili­

brium to set in. However* at . 0012 atmosphere (normal C02 

pressure s . 0032 atmosphere) CO^ pressure* in the presence of 

gypsum, the solubility of dolomite increased almost tenfold over that 

in pure water - almost the same as that in pure water at 1 atmosphere 

C 02 pressure. Thus the reaction

k) CaMg (C O j)2 + CaS04 -------- ) 2 CaCOj ♦ MgS04

moves to the right at low C02 pressure. This would lead to the 

buildup o f MgSQ4 in the waters of the lake basin ahich then would be 

periodically precipitated according to reaction (j )  above. As this 

concentration increases further and the Ca(HC03>2 is used up* reaction 

( i )  becomes possible. The further possibility of increasing the 

solubility of dolomite by the combined effects of low C02 concentra­

tions and the addition of NaCl in the presence of gypsum was 

apparently not investigated. In the absence of further information* 

aad la the face o f continually changing C02 and S04 concentrations* 

it would he difficult to determine the form in which the magnesia 

would be precipitated at any one time, tow  C02 concentrations would 

tend to bring about the precipitation of the basic hydrates. A  lowering



•I U&e pH due to an m c r m e  in bQ4 concentratioa would tend to 

precipitate the hydrous carbonate a.

The above, then, might have been the process by which 

the dolomite in the Moony Mountains may have contributed to the 

magnesium content o f the lakes in which the Overton magnesite was 

deposited. It follows from  the foregoing that gypsum deposition 

should proceed the magnesite to allow time for the latter to build up 

in the waters of the lake, and that the location of deposition of a 

shallow basin in a structurally unstable area may shift from  time to 

time ee that the gypsum and magnesite need not be superposed or 

inte rbedded. According to Hewitt, et a l (1936, p. 166) MAt several 

localities near the south end of the Muddy Mountains the Horse 

Springs formation contains thick beds of massive gypsum. ** E lse­

where in the area some gypsiferous beds also occur within the 

magnesite.

£ rom the discussion proceeding, there remains little 

doubt that the magnesite deposits occurring in continental lake basins 

can be accounted for in sedimentary terms. They do not need hot 

spring or other hydrothermal solutions as the source for the magnesia. 

The Currant Creek deposits, Nevada

Before leaving the subject of origin, one should mention 

the bone magnesite deposits at Currant Creek, south of Ely, Nevada,

60
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described by Faust and Callaghan (1948, p. 11-741 and repeatedly 

eited ae an illustration o f hydrothermal deposition. However, before 

proceeding with that we w ill need to digress ior a moment and discuss 

brie fly  the origin o f magnesite deposits in serpentine. These 

generally occur as veins and nodular masses in shear sones and 

along faults in tine ultra basic rocks. The mineral assemblage is 

simple, consisting principally of bone magnesite with some opaline 

or chalcedonic silica, rarely quarts, occasionally vein dolomite and 

caicite. For reasons previously discussed in connection with brucite 

deposits, one can, at the outset, seriously doubt their hydrothermal 

origin. Such an origin, na we have seen, would most liksly rssult 

in the formation of brucite. The w riter is not aware of any brucite 

ever having been reported from  a bone magnesite deposit occurring 

in terpentine. The most rensoaablo explanation ia that the magnesite 

was derived from  the serpentine through weathering and that through 

several cycles of solution and pracipitation, it migrated downward 

and filled shear and fracture sones in the underlying rock. Initially 

it may have been precipitated in the soil zone, where organic activity 

kept the pH high, as brucita or hydromagnesite. Richmond (1938) 

describes several low-lying, poorly-drained or undrained areas, 

sometimes a score or more of acres ia extent, overlying serpentine
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product oi ft two-stage process. F irst the magnesite was emplaced 

as part of a carbonate-tuff fresh water sedimsatary sequence, as 

outlined previously la discussing the Overton deposit. The second 

stage consisted of the weathering of the firs t stage material and its 

redeposition as nodular magnesite in the manner suggested for the 

deposition of magnesite in serpentine. The second stage may also 

have taken place during interruptions of the first, hueh secondary 

deposition of magnesite is not uncommon. Bodenlos (19S4* p. 128) 

mentions cryptocrystalline magnesite deposited as veins in the 

crystalline magnesite of Serra iiae equate, Brasil. However* he 

interprets this as part o f the fourth stage of a hydrothermal m eta so­

matic par agenesis.

The beet deposits at Currant Creek lie  in low places* 

some still covered with soil and detritus. The magnesia was 

probably derived originally from  the dolomitic sequences of the 

Paleosic rocks underlying the Horse flange in which the magnesite 

occurs or from  the White Pine range somewhat farther to the west.

OTHiSR CRYSTALLINE MAGNESITE ilfSPOSITS

There can he little doubt from  the evidence presented that 

the crystalline magnesite deposits at Gabbs are of sedimentary origin 

and that the metaeomatic and hydrothermal effects observed have
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b ««a  superimposed subsequent to their emplacement. However* 

there are other crystallise magnesite deposits ia  the world whose 

met*somatic origin has never been questioned. Among the best 

known o f these are, o f course, the Austrian deposits in the Millstatt 

and Veitsch areas (Friedrich, O. M ., 1952, p. 401 >402), those at 

Chewelah, Washington (Campbell and Coofbourow, 1957), Kilmar, 

Quebec (Bray, 1951, p. 49-59), and at berra Jas Fguas and elsewhere 

in Brasil (Bodenloe, 1954). Could their origin be attributed to 

sedimentary processes also? However diverse they may be indi­

vidually, they all occur within dolomites o f variable sedimentary 

sequences usually consisting o f alternating dolomite, shale, quart site, 

argillite and limestone. They are a ll intensely folded and faulted, 

recrystallised and metamorphosed and characterised by a variety of 

magnesium silicate minerals. One, not too well known, is the 

crystalline magnesite deposit located northwest of Cranbrook in 

Southeastern British Columbia, which is worth more comment. 

(Cairaes, 1932, p. 101-164).

The Cranbrook iteposita, British Columbia

The Cranbrook deposits d iffer from  the others in that 

they do not occur in dolomite, although dolomite is present. They lie  

d irectly south of M arysville across the St. M ary's E lver on the



65

eastern flank o f the Purcall range, which here consists o f 37,000 feet 

of folded pro-Cambrian (Beltian) dolomites, dolomitic shales and 

shaley quart site a (Rice, 1937). These are overlain unconio rmably 

by 7,000 feet or so of Lower Cambrian quart site* and shales, the 

lowest member of which, the Cranbrook formation, contains the 

magnesite deposits. The best of the magnesite is 30 to 50 feet thick, 

bat the entire magnesite horison is  150 feet o r  more in thickness.

It is  4*1/2 m iles long and cut off at both ends by faults. It rests on 

200 feet or so o f white to purplish-pink, in part cross-bedded, 

quartzite and is overlain by, and interbedded with, greenish quartzite 

and gray quartzitic shales. At some localities the upper quartzite 

grades into blue-gray dolomitic limestone. Some local bade of 

magnesite are also found in the lower quartzite.

The belt south of Marysville trends northeasterly. The 

sediments are overturned and dip westerly into the slope of the h ill 

at an angle o f 60 degrees. The magnesite is generally light gray to 

creamy-white in color and almost always coarsely crystalline.

£ven the beet of it appears to be contaminated by quarts and quartzite 

grains, most of which ars readily visible to the unaided eye.

Along Boulder and WaUinger Creeks in the rugged terrain 

of the Rocky Mountains 16 m iles northeast o f Cranbrook and 22 m iles 

east o f the M arysville deposit, the magnesite horison crops out again.
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***** qd*rt*ite overlying the magnetite grade* upward into blue 

lizneetone. Farther to the eaet the magnetite b o r l«m  grade* into 

conglomerate and eandy coaglomeritic carbonate rock*, Apparently 

the magnesite deposition took place in a shallow sea transgressing 

an uneven land surface.

it i*  dilltcult to iaterpret the above in any other way than 

that thie uncomplicated depoeit is  of sedimentary origin,

Chewelah ^ p o s its , Stevens County, Washington

The Chewelnh deposits occur within the Steasgar dolomite 

vhich is  a part of a 16,000 loot folded, faulted and metamorphosed 

sequence of sediment# oi Algoakiaa age, consisting of shales, slates, 

quartaitea, and dolomite, occupying the west flank of the Huckleberry 

Mountains in central Stevens County, Washington. (Campbell and 

Lootbourow, 1957). The northeasterly treading btenagar dolomite, 

300 to 8u0 feet thick, crops oat discontinuously for 25 m iles extending 

from  the Colville R iver in the north to the Spokane R iver in the south, 

where the sediments nre intruded by the Cune lake granite of 

Cretaceous age. The Stensgar dolomite grades downward into the 

McHale slate (which in turn rests on the *-dna dolomite) and is  

overlain by the elate and phyllite of the Buffalo Hump formation.

Most o f the magnesite deposits are found in the northern part o i the



b «lt, particularly la the area lying ft m iles west o f Chewelah. The 

magnesite, ranging in color from creamy white through gray and 

pink to almost hem atite red, is  generally medium to coarsely 

crystalline* and occurs os steeply-aipping, concordant lenticular 

masses* often 100 ieet thick. The magnesite is  contaminated by 

greenstone dikes* chert* quarts, lime in the form  of dolomite* and 

a variety of magnesium silicates. The chert occure principally in 

a persistent horizon, one to two ieet thick* near the base of the 

magnesite* in the dolomitic transition to the McKale slates* a score 

or ieet or so above the contact. The magnesite is  also traversed by 

several dolomitised faults and other dolomitic zones, home in 

particular, dike-like and slnbby, are known locally as dolomite 

sidewalks.

There are some parallels here with the deposits at Gabbs - 

the dolomitised faults, for instance. The other dolomitised zones 

may correspond to the doiomitic flexture sonee and reerystallised 

early faults. The dolomite sidewalks could be the recrystallised 

equivalents of the elastic dolomite dike s at Gabbs. A  sedimentary 

origin fo r these deposits also seems to be the most reasonable

iHpIflHttiTOi

Magnesite at Kilm ar, Quebec, Canada

Kilm ar lies 10 m iles north of Calumet, which is  about



halfway between Montreal and Ottawa. The magnesite occurs in a 

northerly-trending belt of p re-Cambrian (Grenville eerie*) meta­

morphosed, steeply-dipping sediment* composed of slUimanite- garnet 

gneiss, quart site, a rg illite , and in part serpentinised, crystalline, 

high-magnesia carbonate rocks.,/The magnesite layer ie  about 

200 feet thick and ie confined within n zone of dolomite and dolomitic 

limestone 1, 000 feet or so across. This is  bounded on tbe west by 

quart site which, farther to the west, gives way to graaite, and on the 

east by granite and granitic gneisses and schists, bill cation of the 

carbonates has been extensive. The dolomite has been in part 

converted to diopeide, and magnesite to serpentine with the develop­

ment, in places, o f very  pure short fibre asbestos. Mobilisation of 

magnesia has also taken place, home of the quartette, chert, 

and quarteitic horizons la  the carbonate rocks have been converted 

to magnesium silicates. These processes operated in several stages. 

Most of them took place before the intrusion of the graaite. Others, 

no doubt, are attributable to It.

Surprising is  the absence of any appreciable quantities of 

brudte or bone magnesite which, i f  the granite had much to do with 

bringing about tbe silication of the magneeite or magaesitication of 

the quartsite, should be everywhere in evidence. A  possible

t o



explanation might he that ia  the presence of much silica, autoeiUcation 

takes place, and the silicates are formed rather than the hydroxides, 

la any event, and in spite o f the mineralogical complexity o f these 

deposits, one can still discern an interhedded sequence of dolomite, 

in part silicated to di op side, and magnesite, partly eilicated to 

serpentine, and quartsite. More chert may have keen present, but 

it has been largely used up in the silicatton of the carbonate rocks.

A  sedimentary origin offers the best explanation for these deposits 

also.

CONCLUSIONS

It is clear from  the arguments presented that hydrothermal 

replacement or deposltioaal processes play but a triv ia l, secondary 

role in the formation o* magnesite deposits. The crystalline variety 

originates in marine environments through sedimentary processes.

The clay-like beds deposited ia interior basins are likewise com­

pletely of sedimentary origin. The bone magnesite deposits occurring 

in serpentine arc derived from  the serpentine through weathering.

The concept of the sedimentary origin ot crystalline 

magnesite deposits has had a precarious emergence. The prestige of 

hydrothermal-metaeomatic hypothesis, which has been applied with 

so much success particularly by Emmons and Lindgren, in explaining

69
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the origin of metalliferous deposits, made it always a safe haven 

io r  the timid iouI i  who might he disconcerted by contradictory 

evidence in the rock*. It ie time ior a eearchingly critical re* 

examination oi this hypothesis in order that its application may be 

reiined where it o ilers the most reasonable explanation and discarded 

where it clearly does not apply so that the door might be opened to 

new thought.

A  sedimentary origin tor crystalline magnesite deposits 

has been suggested beiore. ttiinomy (1925. p. 25) firs t suggested 

euch an origin for the depeeite in Manchuria. Lately this suggestion 

has been repeated by JCtshihara (1956, p. 695*711).

The crystalline magnesite deposits, clearly mi sedimentary 

origin, lying astride the boundary between Spain and France in the 

weetern Pyrenees have been described by Joaquin Comes de Uareaa 

(1952). Ore bodies of thin*bedded to platey, ioesiliferoue magnesite 

occur at several horisone in the shale and carbonate parts o f Upper 

itevoaian and Lower Carboniferous sediments consisting of conglomerate, 

sandstone, graywacke, shale, and carbonate rocks. A  characteristic 

ieaturs o f the magnesite Is the black banding by organic material 

consisting mostly of marine plants. In a later work (Comes de JLiarena, 

1953, p. 55*62) he suggests, alter examining the literature, that the
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Th« investigation of the magnesite deposits at G&bbs was 

under taken several years ago in connection with the mining operations 

• I Basic* Incorporated, oi Cleveland. Ohio, which, during the war 

years, brought the deposits into large-scale production, and has 

presently the most eat nasive operation in the area. The w riter has 

drawn extensively on its land of private information. Credit for 

focusing the practical aspects of the problem and for helping to work 

out the solutions goes in large measure to the Mining Department of 

Basic, Incorporated, at Gabbs, and in particular to Mr. A. M. Dixon, 

Mine superintendent; Mr. T. M. Cahill, Assistant Mine superintendent; 

and Mr. W. P. Smith, P it Foreman.

The writer is  indebted to Dr. Ian Campbell, o f the 

California Institute o f Technology, fo r his contribution on the geology 

of the Chewelah deposits; to Dr. £ . K. Carson, o f the University of 

Nevada, for his helpful review of the problem in the field; and to 

Dr. Vincent P . Gianella, who spent several days with the writer in 

the field and whose searching questions and discussions have been a 

great stimulus.

Acknowledgement is  due also to Dr. A lex Volborth, o f the 

Nevada State Bureau o f Mines, who translated some of the Russian

articles cited.
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