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FOREWORD 

The present report, entitled " :Magnetic Iron Ores of East Tennessee 
and Western Norlh Carolina," represents a joint investigation of an 
important magnetic iron ore district lying partly in each State, and which 
has been carried on cooperatively by the North Carolina Geological 
and Economie Survey, the Tennessee Geological Survey, and the United 
States Geologieal Survey. 

Professor W. S. Bayley, of the University of Illinois, was selected 
as the geologi,,L to make the survey in Lhcsc two States, and during the 
course of inn•s ligaLion he has had conferences with the State geologists 
of North Carolina and Tennessee and with E. F. Burchard, geologist 
of the United St ates Geological Survey in charge of iron. 

The area con•red by the investigation includes Carter County, 
Tennessee, and parls of Ashe, Alle1{11e11y, Avery :rnd l\litehell counties, 
North Caroli11a. 

The reporl also considers briefly <h-posits of magnetite in Catawba, 
Lincoln an<l Gaslu11 counties, Norlh Carolina. The topographical maps 
which have bel'll u.scd as bases of the geological maps aceompanying this 
report were pn·pared from the topographic quadrangles of the United 
States Geologieal Survey and by special mapping of pOl'tions of the 
area. 

The United ~lates Bureau of Mines has made the tests in regard to 
method of sep:1ralio11 of the magnetites, using for this purpose samples 
of ore from the Crnnberry mine, AYery County, North Carolina, col­
lected by Professor Bayley and :Mr. Bnn·hard. 

The author has been very materially assisted hy the owners of the 
various iron propl'rlies, and others interested in the general region, 
and the state genlo:.4ists desire to ma.kc grateful acknowledgement at 
this time to all who assisted in various ways in facilitating the work 
of this investiwt1io11 . 

W1LllUH A. NELSON, 

State Geoloyi.~t .for Tennessee. 

JOSEPH HYDE PHATT, 

State (koloyist for 1\' orth Carol-i-na . 
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Preface and Summary 
The purpose of the study of the 111agnctic irnn ores of East Te,i­

nessec and \Vestcrn N0t·th Carolina was lo learn, if possible, something 
of their value as :t source of supply to fumaces in the South. It was 
undertaken at the suggeslion of the State Geologist of Norlh Carolina 
because the existence of the large deposit at Cranberry had led many 
persons to suppose that there might be other similarly large deposits 
in other portions of the mountain district. It was learned, however, 
soon after the beginning of the field work, that the most promising un­
developed deposits are in the extension of the Cruuberry vein in Ten­
nessee and that the topography of the region in which most of the mag­
netites occur is such as to make Johnson City, where there is already 
a modern blast-furnace, the natural outlet of the ores. 

The furnace at Johnson City has utilized the ores of the Cranberry 
n11ne. It is desirable to learn whether or not there are other sources 
from which it may receive supplies. Rumors have been prevalent that 
there is an inexhaustible supply of iron ore in the area contributary to 
Johnson City. It is important to know whether the rumors are well 
founded or not. These considerations led to the cooperation of the 
Tennessee Geologieal Survey in the publication of the results of the 
study- and the outcome is the present bulletin. Throughout the 
course of the study the U. S. Geological Survey cooperated with the 
two State Surveys, paying a large share of the expenses of the field 
study. 

Three• articles dealing _ with special phases of the subject, and a 
fourth' giving a summary of the entire study; have already been pub­
lished. 

The fiel<l work on which the report is based was done during parts 
of the summcl's of l!)H), 1!)20, and 1!)21. In l!)l!) about seven weeks 
were devoted to the study of the magnetite deposits of Avery and Ashe 
l'ounties, ~ - C., and that port.ion of Carter County, Tenn., contiguous to 
. .\niry County, and about two weeks lo Yisiting the deposits in the Pied-
111011L area of North Carolina. In 1!)20 the openings in the Cranberry belt 
of deposits extending westward from Cranberry into C:trter County 
were again visited, about two weeks being spent in the s tudy of critical 
areas, and a week in Ashe County making a topographic map of the 
region around Lansing and in the vicinity of the explorations on the 
North Fork of New River. In 1!)21 the region was revisited in company 
with Mr.- E. I◄'. Burchard of the U. S. Geological Survey. A number of 
l he most important deposits were again examined and the Cranberry 

1Th · 1uu~ncLic cJt·us of North Carolina.- thcir origin : Econ. Ucol. , vol. ID , p. 14~. 1021. 
l!):!:.! . .:\ magn1!1.t.i to-n1arblc oro a~ Lansing,£\ . C . : Jour. Elisha ~Iitchcll So ,, v o l. J7, p . 138. 

. Th e 1><: 'll l'l'lincc of rn t ilo in t hu t ita.nifc ro u .. 'i 1.Lws;nc litcs or \Vcstcrn North Carolina. an,l 
l·~asr c rn T c.unc~cu: Econ. Gco l . . vul. JS, p . as:?, l U:.!:I . 

1 Gcncrru. f ature£ of tho ma~uutic ore.i o f \V~ tcrn North Cnrolina. and Eastern T on­
ness.,e: U.S. Geo!. Surv. llull. 7:!5-G , 1022. 
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mine was sampled for an experimental study of the suseeptibility of its 
ore to magnetie separation methods. At the close of the season a day 
was spent examining the deposits of hematitic ores in Carter County 
between Shell Creek and Butler. 

The writer wishes to express his appreciation of all the courtesies 
extended to l1i111 by the people with whom he was brought in contact 
during this work. Not only did the dwellers in the district respond 
willingly to all his re<1uests for information, but in many cases they went 
out of their way to aid him in the search for the hidden mine holes and 
exposures. Special thanks are due to Mr. F. P. Howe, President, and 
to the general officers of the Cranberry Furnace Company and to Mr. 
S. H. Odom, Superintendent of the Cranberry mine, for information 
that could not ha\"e been secured elsewhere, and for the use of maps 
of the Cranberry mine, and to Mr. George Cooke, President of the 
Ashe Mining Company, who served as guide to many of the explorations 
and exposures in the neighborhood of Lansing. Grateful mention 
should also be made of Messrs. L. Vi. :Fisehel and L. J. Phipps, students 
of the University of North Carolina for their painstaking work on the 
map portions 1>f Ashe County. The writer is also under obligation to 
Mr. S. H. Hamilton from whose report, now in the possession of the 
Tennessee Stale Ceological Survey, he has taken the description of a 
few deposits wliic-h were not visited, and has copied the magnetic map 
of the Wilder l\line. Finally thanks are due in large measure to Col. 
.Joseph Hyde Prall, State Geologist of North Carolina and Mr .. Wilbur A. 
Nelson, State Geologist of Tennessee, for their generous cooperation 
with him du1;ing the prosecution of the investigation. 

The princ-ipal results of the study may be summarized as follows: 

(a) The rnagnetie ores c-011tributory to Johnson City and those in 
the Piedmont :1 rea of North Carolina are of three types, viz.: hematilic 
magnetites, tit:111iferous magnetites and non-titaniferous magnetites, 
all of which :ire in rocks of pre-Cambrian age. 

Tlic first group is cornrosed of small deposits ~c-attered over the 
mountain distrid of the two States. The largest and most character­
istic1.lly deYelq ul :11c in tl:e northeast portion of Carter County, Tenn., 
on Lunsfo1<l ll1.im·h between Butler and Shell Creek. They are asso­
ciat€d with old , ok:inic rocks that may be classed with Keith's meta­
rhyolites1 whid1 :ire tliought to be of Algonkian Age. Tl1ese are asso­
ciated with diloritic ~cl1ists that arc probably metamorphised basic 
volcanics. llol Ii aei<l and basic rocks are saturated with fluorite. 
Magnetite and lil'rnatite are so closely incorporated with the chloritic 
schists that it is thought iron emanations accompanied the basic mag­
mas to their present positions, and formed the ores. It is possible that 
the presence of he111atitc is due to the presence of fluorine in the emana­
tions. 

1Kelth, Arthur, l' S. Gool. Surv. Gcol. Atlas. Cranberry folio (Nu. DO). 1903. 

l'HE1''AClc AND HUMMAHY 13 

Al present the hematitic magnetite.,; arc 110L o'f prndical import:mce 
as sou rces of irou-ore si11 c; • th• qwinti.ty ava il.aule in the district is too 
small to wurnml the expen<lit m of the fuuds n1;cessary to place it on 

the railroad. 
o. The titaniferous magnclites arc present in t he mountain dis­

trict and in the Piedmont area.. ·orne of Ll1e deposits ar· comparnlively 
\arg but most are too small to be of present value as sources of ore, 
even ' if they were accep tiLble t o the furnace_ mc.n. So lnng as there ii; it 

sitfficient supply of non-titanif •rous ore availu.ble Lhere will be no de­
mand for the titaru:ferous ore as a source of irnn . In the future, when 
the supply of bigh-gntde non-Litanif.erous ore is exhausted the tit:rn­
iferous ores wiU unquestionably become of importance. At present 
it would be neccsscLry to separntc from themconcenlratt:s ne(uly free from 
titanium Lefore they could be utilized in the blast-forna 'e in compeli­
tiou wiU1 non-titaniferous ores. This is possible in the cu.se of some of 
them h~t is so eXpeusive that it is not practicable. 

Singewald' Imel shown that for lhe most part the titanium ih lhese 
ores is due to an i11tric:1te growt.l.1 of some titanium mineral with magne­
tite. He supJ)osed the t it,utium minerul to he ilmenite in such small 
plate, and needles that it could not be sepa.rakd by ma.b'll ti ' rnetl\od:, 
'from the magnetite without such fin e grinding that Lhe cost of concen­
trat ion would be prohil itive. Anu.lyses of- some o [ ll1e titaniforous ores 
indic:ate t bu.t tlie titanium is not always pr ·sen:L us ilmenite but thal in 
soui . •ascs, at least, it occurs as rm oxide and tbc study of t hin sections 
show t hul wuch, iJ not all, of the titauium is present as rutilc. How­
cvi-•r, th, <lis~ovcry of this fad does not uwtlify ' ingewal~'.· concl.usion 
tlwl Ll-1c ores iu-e unavajhdile at JJrcsen'L ns suurc s of J.ron. In oue 
gi·oup of deposib- thal on the Tuscacura nnd Slrnw belts in Rockin g­
Imm Guilford a11ll Davidson ,ounties, N . C., th· intergrowtli nrny l>c 
coar~c enough to wm-rrint an atteutpt at concenlralion , but the deposits 
arc ~o far uwuy from J.>lnst-fu.rn t1ces that they are not. now probf1ble 

sources of ore. 
[u l ltc field t he titanifcrous _magnetites can usually be recognized 

by Lh , !',tel tJrnt Lhcy ,t rc assot.:iaLcd with l!a;;ic rocks lik_e gabbrn. 'I hey 
arc bl'iievetl to c-onsist JJ.1.1i11ly of segrcgat10us of ore Ullnernls that were 
inlm.ded into cooled porlious of the si:uuc mugma from which they were 

scgrcgal.1:d. 
c. 'l'he n011-titanifcrous magneLit ·s itrc the most µromi sing sources 

uf ure l'ur t he North C,u·olina antl Eiust T errnessce furnaces . · They 
Rrc very low in pho ·phonts, sulphur, and titnniu~ and ;onsequent1y 
arc utilized for ma,king a. very .low-phosphorus iron. 'I he ore Ll1at 
ha~ no t lie •n 1.:onl:c11tratetl by ll1t gr1etic: processes is CO lllJ!1ll'.i\t ively 
low in iron., rarely reaching a con tent higher t h,rn 1J.l per . ·cnt. lt is, 

1Sin~cwald. J. T .. Jr., U. S. Bur. Mines Bull. 64. 1913. 
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however, swwcplihll' to concpntrnliou "ield1"11g a l 1 · t· t I· 1 . ' , ' ,, ·o Leen ra C w lie l 

may contai_n front iiO to 71 p_er cent of metal, depending upon the fiue­
ness ~o wluch LIH· C"rude ore 1s ground and the strength of the magnets 
used m the prnl'l'ss. (See page 6!J.) 

. l_t has b~~- 11 lc.irncd that there arc some large deposils of ore of this 
kmd m the l wd1uont area of North C·1rolin" •tnd 1'11 ti t · d. • < u < IC lllOU11 ain IS-

trICt of Nm:lh Ca~·olina and Tennessee. Those in the Piedmont arl:a 
are not of llllllll'd1atc economic importance because they are too far 
from furnaees. :\ f ost of those in the monntain distriet arc within a 11 

area that should be contributorv to Johnson C1'ty but . t . t . ., • , .1 prescn some 
of them parlicularlv those in Ashe Count" N C ·1 1 1 b . ·- · ·' ., , • ., are u1utva1 a J e 

ec~use. to_o far _from the railroad. The largest deposits in the 
entire ~hstnet, so far as we know, are on a belt passing through Cran­
b,erry 111 ,Avery ('ounty, N. C., and extending northwest into Carter 
County, ~em~. _,\t Cranberry is the wcll~kuown Cranberry mine which 
has been fu~n_1sli_1 ng ore to the blast-furnace at Johnson City for scYcral 
decades.' ~ lus 1s regarded as the type of all other non-titaniferous 
magnetites 111 t l1l' rnountain district exccJ>t one at L•rnoiil" '\.alie ('ou L h" h · · ' • ~ .,,, r ~ , n Y, 
w 1c 1s 111 marbll'. The Cranberry vein is in a gneissoid granite. · 

. _One of thl' pri1ll'ipal objects of the study was to determine the 
or1gm of the ( :ra1dwrry deposit so that some notion might b.e gained 
~s to whether 11 t·xknds beneath the present workings of the mine or 
1s merely a _s1qa·rl1~·ial phenomenon. Siucc the ore was fouiid to be 
clo::ly ~s~o~rnll'd \\'111'. an _cp!dotiz_cd pegrnatitc which was origiimlly an 
augite sycmtc-Jwgrnalltc, 1t 1s bchcvl'd to be deep-seated iii origin and 
consequently may be expected to continue to depth with approximately 
the same charaC'ln as in the developed portion of the vein. · 

The ore oc(·11rs i11 the vein as a series of lenses corntec!Pd with 011 , 

a_not~1cr by tl1i11 ,;I rips of ore. If the Ycin, as appears prolmhle, is a: 
rich m o_re bca11t·,'.tli the present bottom of the mine as above it, Lhere is 
present m 1,800 i<'d of the vein and within a depth of 550 feet beneath 
the ~)resent lo\\'!'sl 111ine-level about 1,700,000 tons of ore of the same 
quality as that wliil'h has already been taken out. 

The Cra~bcrry vci_n continues without interruption for 5½ miles 
northwest_ of Cranberry lllto Carter County, Tennessee, and i11 it are.lcww; 
of ore which have been opened at the ,vilder Tccg··trdcu l>cg· I c , .. 1J h . . . , • , . , g .u 
ot er mmes. A <·011sernt1Ive cstnnatc of the ore cxistiug in the vein 
between the Cra11hl'rry and Peg Leg 111i1ll's is 2,250,000 tons for every 
10? feet d:pll1. (~l'c pages 76 to 80.) IL is not known how much of 
this ore nught be mi'.wd and conccutrated with profit, but it is probable 
that ~t a num!wr ol pbces the lenses are sufficiently large to warrant 
wor~mg, provH!cd there were some provision made for their concc11-
tra~10~ at a poml on the railroad within convenient reach of all the 
operations. Such a point is believed to be situated near Roan :Moun-
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taiu Stalion, to which the ore from any plaec on the vein 111ight be trans­

ported by a down-grade liaul. 
So far as has been determined there arc no other deposits within 

reasonable distance of Johnson City that are large enough to warrant 
tlic construction near them of concentrating plants. Nor are there 
r.ny, except those on the Cranberry vein, that arc near enough to Roan 
l'.l'lountain to deliver crude ore to a concentrating plant at that point 
nl: a. cost that would yield a profit. Tlrnre is an abundance of ore scat­
icn :d Lhrnugh the mountains but it is in such small deposits as to be 

1111a \' a ila hlc at tl1c p'!'escnt price of ore. 
In Ashe Couuty there are several deposits of fair size, but they are 

so far from railroads that they would he expensive to operate. The de­
posits on New River contain at least 700,000 tons of merd 1autU:ble ore 
and those near Lansing about 225,000 tons but the cnc)l' lll 1Jl1s tonnages 
that have been supposed to exist in this County have not been developed 
hy exploration and arc not suggested by surface indications. 

d. The only deposit of economic importance in the mountain dis­
trict Lhat is not in gneissic rocks is that of the Ashe :Mining Company 
at Lansing, Ashe County, which is in marble. The deposit is small 
and its eontcnt of iron is small, but because the gangue is marble the 
ore finds a ready sale. The ore consists of grains of magnetite in a 
white marble that contains in addition to magnetite small amounts of 
phlogopitc, actinolite, and quartz. It is cut by veins of actinolitc and 
dark hornblende and of a fine-grained a pli Lit: rock , beli vcd l.o c;orrcspond 
lo tl w pq.(i1'.m til l' al Lh c Cnuilwrry 1ni1i •. TL , ore is Llioug-hL tn ha\' ' 
a11 mi1'( i11 :.iinaJoµ;m us to LlmL of lhc C rn11h\(rry ore, i. e .. Lo lmvc bc •n d P­
po~ikd by l'nr11 ~ri no11s nmterial~ ,l(·c·olll)lany in g pc!:(11la Lit ic intrusion~. 
l\l a rbl,· o re:; arc hclicYc<l lo I, i ra re in t he ·111u11ntai11 di st.rid hec·a 11sl:' 
marbles .u· , ra re a mong the pre-Cambrian rocks of the district. 

e. Si11cl" t he nun-t itanifc rous magnetite deposits of the mountain 
districl are Found i,11 the pre-Cambrian rocks of the district and arc asso­
ciated with pcgmatitcs that are not known to penetrate the Cambrian 
rocks it is inferred that the ores are pre-Cambrian in age. 

The non-titaniferous magnetites of the Piedmont area are all asso­
ciated with gabbros and other basic rocks that are believed to be pre­
Cambrian, and consequently, these ores are also inferred to be of pre-

Cambrian age. 
The titanifcrous ores are thought to be genetically connected with 

pcridotitcs of the same age as the pcridotite rocks that are so common 
all along the cast side of the Appa lachian ranges. If these are pre­
Cambrian the titaniferous ores are likewise pre-Cambrian. 

The age of the hcmatitic magnetites is not known, but if the rocks 
associated with them arc Algonian, as probably is the case, thtse ores 

are also pre-Cambrian. 



The Magnetic Iron Ores of East Tennessee 
and Western North Carolina 

By w. S. BAYLEY. 

CHAPTER I. 

GENERAL CONSIDERATIONS 

The iron ores of East Tennessee and western North Carolina com­
prise magnetite, titaniferous magnetite (or mixtures of magnetite with 
ilmenite, or with rutile), brown hematite (limonite and goethite), and 
mixtures of magnetite with hematite or martite. Hematite also occurs 
but in such small quantities that it has never been mined. The brown 
hematite, magnetite and titaniferous magnetite have been mined and 
smelted, but in later years the titaniferous varieties have been completely 
neglected, because not adapted to modern blast-furnace practice. Until 
within a few years past the magnetite deposits furnished nearly all the 
ore, but recently the brown ores have become more and more important. 
Almost all of it came from North Carolina. Since 1900 the production• 
has been: 

lll22-Magnctitc= 4,321 tons; 
1!121- - . 
1920- =44,482 " 
1919- =43,483 " 
1918- =60,593 " 
1917-
19Hi-
1015-
}!)l-l,-

1013-
1912-
IOII-

1910--
1900-
1908-
1907-
1906--
1905-
1904-
190:J-
1902-
1901-
1000-

=55,353 " 
=(J0,043 " 
=05,506 u 

=57,007 " 
=69,2:J5 " 
=08,:J22 " 
=8-l,782 " 
=05,278 " 
=Gl,150 " 
=48,522 " 
=75,G38 " 
=50,057 " 
=50,282 " 
=04,347 " 
=82,851 " 
=34,:J:JO " 
= 2,020 " 
=20,479 " 

Brown orc=ll!,958 tons. 
= 2,583 " 
=27,:.128 " 
=15,295 " 
=47,739 " 
=35,04-l " 
= -l,20:J " 

857 " 
= .. . .. 

= . 
=Some 
=Some 
= 3,500 tons. 
= Little 
= Little 

•Taken from the reports of the North Carolina Geo!. and Econ. Survey and Min . Re­
sources of tho U. S. 
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Most of the brnwn ore produced since HJ15 came from l\1adison 
and Cherokee cou11Lies in North Carolina, the greater portion from 
Cherokee Counly. 111 the earlier years of the century it was obtained 
mainly from Chat ham and Johnston counties for the use of the furnace 
at Gn:cusboro whi..!1 was do~<'d about 15 years a~o . The magnctik 
came mainly fro111 Cranberry in Avery County. A small quantity has 
been contributed hy deposits al other localities from time to time, hut 
this was obtained principally in the development of explorations and 
consequently was only an incident. Most of it was from deposits in 
Carter County, Tenn ., where search was made for the \\'estern extension 

of the Cranberry Yein. 

In this rl' pol"l nl Lcntion is din·<: l1 ·d mainly to the 1nag11ct iles and 
magnetite- he111alil c ores of Carter C'111111ly, Tenn., and to U1e mi~gu •tile 
ores of Asl1c and .\,·c ry counties and tl1 • titaniferous mag11 til of Guil­
ford County, N. C. (Sec index map, l◄'igure 1.) A few deposits in other 
p01·t ions of North ( '.arolina arc desnilil·d only liril'fl,v, ~inc:1i at pr •scn l 
th •y ;lre of little in1portan ·c. The dcposiis 11f A.,· ·ry a11d \ s he ·011oli1:s, 
N. ., and Carter Cou11ly. Tenn., are IH:licv1:d lo offer 11101·1: pn)1uisi11g 
opportunities for successful de,·clopment than those elsewhere, and 
therefore the 1.i 111l' a yailable for th1~ field work was devoted almost ex­
clusively to tliem. Information conecrning deposits in other portio11s 
of North Carolina is gathered mainly from the literature. 

Tl1e magnclil' ores usually Ol"<'lll' in areas of granites, gneisses and 
schists, but in ,\she County, N. ' .. a dcpo>iit of magnetite oc ·111·: i11 
marble. In all. or 11t•ai-ly ·all cus<•s, lhe magnetic ort•s arc asso<·i11 l ·d 
with pegmatitcs or aplitcs or with l he alteration produds of basic in­

trusives. 

MAGNETITES AND TITANIFEROUS MAGNETITES 

COMPOSITION AND CLASSIFICATION 

The wagm·I i<" ores ltn,·1• :ilr ·acly h1·1·11 r -•[erred Lo a · compri sing 
three lypes, 0111· ol' \\'l1i1'11. consi~ls css ·uli:dly of 11rng11ctil1·, anotlu.:r or a 
mixture of 111a µ; 11t·lil 1• a11d a Lila11i11m-he:11·i11g win1·ral, and the third of 
a mixture ol' 1u11µ: 11i-lilc a11d l1•1ualile. Tia· or•.~ of th· fir~t type arc 
USUlll1y sv okc11 or a~ IIJ;l g'.IH' titc :111d Ll10:,;' ()f lhc lil'('l )ll(I l_,·pc as tita11il'cr­
OllS mnguclil1· .. ,. I ila11if •rous irnn on!. ' J'l ic tit:mil'erous und 11011-

Lilanit'c ro11s 111:1 g1u·I ill's diff 'I' n•it 011ly i11 Ll1e prese111 ·1• ur abst:IICl' ur 
c:onsid·rable q11:111tilil's or lila11i11111 h11\ nlso in the prcs·11ce or absenn· 
of clll'omi1Lru. Hol li lyp · arc c:omparatin:ly free from pho.-phon1s :u,u 

sulphur. 
The diffcrcnee in the 1.wo types is indicated by the following series 

of analyses, nwsl or which were taken from the prclimiuary n•porl of 

MAGNE'l'l'l'E~ ,Hd) 'l'lT,\NlFEIWL,, ~J,H ;NE'l' l'l'lc~ l!) 

H. B. C . Nitzc' 011 the irc,n ores of l\ortli Carnlina , published in 1893. 
The first !) and Lhc last 1 arc of lhe nou-1.ilauifcrous types. Most of 
Lhcm conlain a litllc titanium but il is in sul'h small quantities as to be 
negligible. The other 7 represent the titaniferous Yariclies. l\'losl of 
t.l1t• spceimens analyzed were from deposits in ·Aslll' County, but. they 
arc representative of the magnetic ores throughout the crystalline areas 
of both North Carolina and Tennessee. 

1:,.,/eclcd A11alyscs of Nor/It C'Hrolina. muyndic Ort'.Y 

SiOa Fl· s I' Prati,, Till, 

14 1!8 ;;7. l!l tr , OHO . 10,; . 11! , Iii none 

2 5 . 27 li4 . li4 ' 11 ,; . 004 .OOG . 115 . l!l 

!I Hl . 83 51.55 . 1!17 , 042 , 081 ~07 

4 :J2.0li !17 . 14 . 071 . 0(14 . 010 . IOii 

5 32.5!1 :lG. 41 . IWO . 00!1 .008 . 118 

(j 28 GO :J7. !!O . 0!10 . OH .0!18 . 081! 

7 1!0.3G 4,; _ Oli . 130 011 , 01!4 . 040 

8 !J.20 (i5 . 40 . 011 . Olli . 000 2.58 

!I (i , 85 (i!J . ;'j[j tr . IHJ!I .0 14 .O liO 

to 1 HO 54. 17 14.41i , !J(i . !17 

II 4 71 48 . 41 . 08tl . 01!!1 . 04H l!l.74 . 11 . :1-1, 

11! I. !ll ,55 . Oli Lr tr tr l!l. liO . 70 . 72 

1:1 ;j,7:J r,~ . 22 tr tr tr I I! . !lti . 2U . !1!10 

11 !J.!HI -Hi.81 1!17 . 0~5 . 05!J G, O:I U!IO 

1;; (j !J5 ,;7 ' (j(i . (Wl . UUH . 013 4 (i!J ~,ua 
l(i -L 75 ,;2 , 2:1 . 111! . O:.!l . 040 8 !II I . !!HJ 

17 17 . 'l5 48 . 87 . o ,;7 . OliG . I!l5 .2 10 .uoo 

I. C ranlmrry 111inc, A,·cry Cu. , N . C. Aualysl,: J. G. Ji' tdrdl ild, U.S. Gl·ol. su,·v. 
·> C1•;u1hcrrr 1nlnu, lUt,h Census Hcvort.., n I. lf>, p . a~u. 1886. 
a. Long- Tnmch, Red Hill, Poison :Ura11cl1 hclt. Nitzt•, Nu1·t.h Carolina. {il•ol. Sun·. , 

llull. No . I, p . 14:J. lSIJ:I. 
4. Opcnlni; N'o. :.!, Ht'll llill , l'olsu11 Branch l11•11. llh•n1. \' · 1•14. 
!i. Opc nini; Nu . :1, N , w·. s i<I<• , l<cd 111 11, l'oi~11 11 llra ud1 1('11. l<lcm . I'- H -1. 
Ii. Opu.ulng ::i. sidu o f ruaU , 1"11it-;1111 ll 1·u11cl1 mllw, P ui.-..oH Jl r:i nr-h lwlt. Jclt•m . p . lf.U . 
7. Lt>w<!r ponlon <lf UtH.1.nln l-t, ~ - nhlr nf ruatl, Puh,on J~1·11 L1 i"!ll rninc, lJoison Hrancll 

h, ·lt. ld :.1 11 . 11 l fJ U. 
8. P iney ( -n •t., k opcnin~. Poison Hr:uwll ·l;clL. ld1..?1n. p. I r,:L 
U. .Jo!5. t':r:tyhcal, ma.in 01u.min~. Puist1 11 Branch bell.. ldl-m. p. Hi!;. 

10. ~ h nw rnl1u·,, H.ockini-;ha.111 Co .. li°t;JT :1 11d Hanna. C,iul. of NorLh Caruli11a, vol. '.!, 
t"! UlJJ. :! , lJ. l .50 . 1S8S. 

11 , IJ♦\1111mnora ml.He, U.twkl.i1,1:;ham ,o .. SCHli Cut1.su~ Huport,. vol. 1...5, Ji . :J l.l, 1!-;80 . 
I:! . St!rg-,mnt. t:i lmFI . 'l'l l}{l"a.rnrn mlpe, Gullfol'tl o . . 1, 'IT anti lt tu1nn. 011. di. ,. 1 ► • l ·IH. 
1.i. \Vilt . YtJUH~. T ILanifrru u:< hc.!lt, or ll l'llUn -.n·l•k lwlL (:Suo page :.?l!"i . ) 

, l •L. i\h.:Carlur 01u111U1,;. No, .,l, nurt.h uf roa d , 'rlurnlfm•oo:,; lwlL. NiL1.u. Uull. N"1, . I, 
'\01·111 111•-,U 11u. Cic1ul. ;-i1 11•v .. Bull. ~,._ I. JJ . l f, i' . ISU:S . 

1.-, ; ll1tug:uc:ss t•tact:, 'l"it.nnlfcrous IHJlt. . 1. tl unt . 1,, UilJ. 
1'1. P1•nnl111,;Lon 's Plai:c. Tltanlf,•1·11us hult . ld u m . p . LOO, 
17. l~trh:r P)aco. Titaniforuu.s ln•Jt,, hlu111 . 11, H;u. 

The most striking features of these analyses are the marked dif­
ft•r('lll'Cs in the quantity of 1.ila11iu111 dioxide (TiO,) in numbers 10 to 
Ui as (·0111pared with .the quantity shown in numbers I to 9 und in 11u111-
her 17. Aside from this, the difference is the more noticeable with 
respect to chromic oxide (Cr,O,). All the Litanifcrous ores contain 
this oxide, whereas none has been found in those in which titanium is 
prl'~ent in less than l per cent of TiO ,. l\foreover, there is another 

ll 
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distinction whicl1 is not evident from inspection of the analyses. The 
magnetites freq11ci1lly contain comparatively large quantities of man­
ganese whereas in tlic titaniferous ores this clement is in small quantities 
only. Phosphorus is below the Bessemer limit in both kinds of ore 
except in :L very few cases, in which it is slightly above the limit. Sul­
phur is always in small quantities. The titaniferous ores are not avail­
able for blast-fnrn:u·e use only because of their high content of titanium. 
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F1auN.E I. lrnll-x 111ap uf EasL Tennessee an<l \Vcstcrn North Carolina, showing 
positions of detail majls . 

OCCURRENCE 

The magnelill-s and the titaniferous iron ores are alike in general 
appearance and i11 lheir occurrence as lenses and veins in gneisses, 
schists and other cr,vslalline rocks. Those in the mountain district are 
associated with Arl'hcan country rocks. The country rocks associated 
with the deposits i11 Ll1e Piedmont area are quartzites, marbles, micaceous 
schist, and slates Lhat may be of Cambrian nge, and gneisses and old 
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volcanic lavas and tuffs which are younger than Archean, hut probably 

ol<ler than Cambrian.• 

Nitze• in his discussion of the magnetitic ores describe<l them as 
occurring in belts, inferring that they are distributed along continuous 
lines. This inference may be correct in a broad way, i. e., the deposits 
are usually in zones parallel to the general structure of the region, but 
in a narrower sense they are in short discontinuous lines or series of 
parallel lines that may be close together in some places and widely apart 
in others. In Ashe County, for instance, Nitze designates several belts 
of non-titaniferous magnetites and one belt of titaniferous varieties. 
In the titaniferous belt, because of its position, he is compelled to place 
the Kirby mine, which, however, contains only a trace of titanium and 
no chromium. Moreover the Kirby ore is associated with rocks that 
are different from those associated with the titaniferous magnetites in 
the same belt, and are like those associated with the ore at Cranberry, 
which, as is well-known, is also non-titaniferous. In A very County he 
designates as a belt of titaniferous ores a series of deposits of different 
kinds, which are so distributed that a line joining them crosses the 

structure of the country. 

In some places the deposits are actually in line with one another, 
where they are situated along a zone of weakness in the country rock, 
usually a zone along which the schistosity is more pronounced than else­
where. In other places they are in schistose zones but not in the same 
plane. In these places the zone itself consists of a series of planes along 
which marked schistosity has taken place, but the loci of maximum weak­
ness are not always in the same plane. In these zones the deposits may be 
within the limits of a comparatively narrow belt crossing the country, 
hut not along the same line within the belt. Their long axes may have 
the same direction, but the projections of their strikes do not pass 
through one another, but are parallel. In still other places, so far as 
now known, the deposits are isolated. 

In some instances the zones within which the deposits are distri­
buted 111ay cross the country for many miles; in other instances, they 
arc short. But even in the case of the long zones the lines passing through 
deposits 011 the same strike are short, and often deposits that at first 
si!{ht are thought to be on the same line are discovered when observed 
1·arel'ully to be on parallel lines . 

. JJ'\oith, Arthur, and Sterrett, Douglas B . , 'l'hc rcsourcl'S or the Kings ~1ountain dit1-
lnct, North Carolina and South Carolina, U. S. Ucol. Sun•., llull. (i60, p. 126, 1018. 

•]l;itze, H. B . C., Iron ores of North Carolina. N . C. Ocol. Surv., Bull. No. I. Jl. 231!, 
Halcit:h , 18\l:I . 
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HEMA TITIC MAGNETITES 

The ores lhal arc mixtures of magnetite au<l l1l'lllalilc arc limited 
to a small area iu Carter County, Tennessee, where they oceur as layers 
between gncissl's au<l ehloritic sd1ists, on the mountains nl'ar Elk MiHs. 
Fairly_ large explorations have been made at one or two points, but the 
quantity of ore developed by them is not large, nor so far as is known 
has any of it liel•n shipped. The distance to the ne,1rest railroad is 
about {i ½ miles OYcr hilly roads, so that at present the ore is not avail­
able for use in lhc blast-furnace at Johnson City, Tenn . 

The most promising ore of this type is an extremely fine grained. 
obscurely laycn~d an<l slightly schistose specular ore that resembles in 

· a~~e~rance souw of the more massive specular ores of the Marquette 
d1str1ct. Others arc flinty hematities. 

Analyses of Lwo specimens show that they are low in phosphorus 
and free from lil.111ium, and that their iron is present in widely varying 
proportions or hc111alite and magnetite. 

Purti,,I ,nui/,11,.;f,Y of lumalitic rnugudite or<', Carter County, 'J't'n1u.,·.•ft't• 

Silicu. (S i0,1 . ............. . 
Alumina (. \1,0:;) .... . ..... .. . 
Ferric iro11 ( F,·,( l::) ..... . ..... . 
Perro us iron ( l•\·O) ......... . 
Phosphor11s \J<' nl11xiclc (P20,) .. . 
Other consli111,·11ls ... : ...... . . 

!ll. !14 

l.'l!i 
iH . 7fi 
~l . :;~2 

, O:W 
;j:J 

l00.0:J(j 

Kcy:ih11w lt idg~• 

H !Hi 

8\l.84 
1. .J.U 

!)!)_ 10 

The firsl a11alysis indicates a mixture of about G.5 per cent of hema­
tite un<l 70 }Jl'r c-eul uf magnetite, and the second a mixture of 7!J.8 per 
cent of hematil1· :111d -t,.-1, per cent of magnetite. 

CHAPTER II. 

HISTORICAL REVIEW OF LITERATURE 

llefore 1827 iron ores ha.<l been worked in Lincoln county, N . C., 
presumably for local forges, for in the first geological report of the first 

State Geologist• of North Carolina we rea<l, 

''('uuqmrcd wit h Lhte oll,cr r<',-:inn~ or l111 : g luhc, the Q1Lst ,•r11 s ·cli1111 of Lli,· <:o nli ­

nenl or :--lvrU1 A1111,ri1 ·:L i.s , with :L siu~I · cxcl'pliun, not rich iu t he mcl1.dlic ore..,. With 
the ,nusl i11q,orl1u1l :tnd , ·alunlilu of 11.ll, th,• on•.< of iron it nL011111ls . . . . nu far a~ w,• 
l'llll j uclg1· from 111,s,·n·alion.s hilh crlo 11111111•, th,· ,nines uf irnn a111l con l, with tlw lcllll 
111in,•.s of lh" Mi.;suuri , an: to con~lilul t.hc principal miu •rn.l wcallh of llw l"nilcd 
~lat,·,. . . . .. M Lhc c1Ju11ly of Li111:ul11 wns lh,· first to cn1l,nrk iu ll11· iruu 
u1 11 n11f:Lc:lur,• , su it i · prubabl • llml she will 111:1i11lui11 lhc ~l11 11diug s ll<' ha., 1H·q11ir ,,!, 
Tl1 ~ s1qu:rior i.'St·t•lh·ttt;t~ of the urc~"t £rum whil"h tlic- 111eta l is •rtructctl . . w:trrnnt s this 
i'o11t:l11s i~ 11. Nor i:-i lh • ch.: nuu.uJ ju.'l ill 1u·,·N••11l1 grea ter th1u1 ll1i .s !-iin~h· 1•0 1111ly mii,:hl 
sup ply, t,c1;:LUs1· o f Ll, c high cost of labor in Au.w ri ca "'"I th e """Y Lrirling ,•xpcu -., c,r 

trn11 spnrt.i.ui; ~11 ·h 1111 arlidc us irun 11cro~~ the Atl11ulic. " 

Dr. Gerard Troost, State Geologist of Tennessee m 1837 in his 
fourth report, speaks of the Cranberry ore deposit as follows: 

" Tho ii-011 ore of thc primordi,d forrunLi1111 is t;<'ncra lly thnl kind whil'h is cnlh,d 
m1lg11 •Li,· iron or,•. Jnuncus" 11u1Lntili1:s of this ore nr,• found in lhc norlh1•:t.s l,•r11 parts 
uf t hc l '.nitcd Slnl,•s. Ar11I not t,1 s pc11k of Ll11· ,·11. t tlcpnsils of this ore in s imilar fnr• 
nmlions in W11sl1iugton CounLy , i\lis:ouri, whidi h .. , ·c lorlllcd tJ11 .. c lif ly y,•11rs unc of 
I li e wund,· rs of lhl' wes t, uor lhus • or J•:11,a, which producc,I n1osl of th,: ir11n u,;cl.l by 
tl,c• Huma11s, nnd tl11, mines 11£ which arc yc l c1111si d1•rcd as iuc,drnu.,; tihlc; 1 11111.s L 111,·ll· 
liuu 1111 • ~ilulll,·d near LIil· li111il whic-h s ,·p:imt,•s the State uf '1',·nm•,~c · fnuu Norll1 
( 'a r11li11:1 , a l Lhc rn11t vf Llic H,1111 l\louula.iu, .in C:1,r l·r ,-,1111,Ly. ll ·cc 111. lo la, lln •>!• 

lcu.,1'-c vciu or rid, mngn •tic iron or.,, similur to llm~ uf ~01111• v:irls o( :-iweilen. n.nd is 
acrumlrnnicd with Lh · sa111c miuc.ra.ls nt- th · Sw,Hlish on•. rnL11u-ly. n v-ari(•ly of py1·u.xc11 • 

(slllitc or nrnlncolitc)." 

Again i,1 1854 the •x.istcnce of iru1t ores in parts of Norll1 C:1rolina 
was rd1·1Tcd to by Whilncy ' but the ores wer • not dis ·us:-, ·d. He 
slat,·d l11.d iron ores coulJ b , found in l"hc meuu11(11·µhic ro ·ks i11 the 
western 1n1rt of the State, but declared that they were too r mole to 
be of 11111ch consequence to th, irou manufa ·lur r. They were con­
si1h•n·d of importance only locally, .ts the Cen:11, of 1850 liad rnported 
h111 -l-00 tons of the metal produced in the entire State. 

A few years la.ter, Jiowev r, Emmons 7 began to emphasiic tl1c value 
of Ilic ores and recomnWJ.lded the construction of a national foundry at 
l>l'l'Jl River. The Deep River deposits arc titaniferous magnetites that 

I 
•:O. litcholl , El bh:L. Rc))OJ"D 011 tho flllOIO~Y u! NurLh f'an1 llo11, 1111rL Ill.. J>I' - :!,,-20, No• 

\ t!.111 H1r. 18:!7. 
•\\'hiLllu)' , .f, J) ., Mut,1LlU • wcnhh of Lhu Un ltutl !·Haws. p . -J.7-1 , J'hil:11.l ulphln , 1:-1:,-1. 

lt~l ·i~t'.~"~gu_•• I:: ., Guol . rni;urt or Lhu lllidln ud co1111Llus o [ , orLh C1,rollnn.. Pl' • ll :!- 1:!S, 
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are of no economic importance at the present time, so that iL is unneces­
sary to refer to them further in this place. They will be discussed later 
in connection with the character and origin of the titaniferous ores. 

Emmons recognized 3 belts of ore in the midland counties, of which 
the western one passes 6 or 7 miles east of Lincolnton and extends to 
!Cing's :Mountain in Gaston County. The ore was described as being 
m talcose slate between quartzite and gneiss belts. It was declared to 
be in flat lenses 1d1ich lie obliquely in the slate, one lens succeeding 
a_nother along the slrikc in such a manner that each "laps on to the west 
side of another flattened oval mass, which lies behind the first." The 
deposits in Lincoln County were reported to have been worked for a 

long time for local forges. All the ore was believed to be in veins of 
igneous origin iu the sediments which were regarded· as the oldest in 
the State. The author surmised that not all the deposits had been 
found but he thought there were no inducements for further search 
since the ore already known "is in sufficient quantity to serve all uses." 

The other two belts are east of the Lincoln County belt, outside of 
the area discussed in this bulletin. 

~n the lrou_ :\lanufacturer's Guide•, published 3 years later, Lesley 
ment10ns the ex1sl1·11ce of the same 3 belts of ore in the State, of which 
the one that passl's east of Lincolnton is described in some detail·. He 
states his view as lo the sequence of the beds associated with the ores 
and declares tl1e111 to be Taconic. He indirectly refers to the ores of 
Cherokee County and elsewhere, since he states that bloomeries supplied 
by these ores had been working with them for many years. 

During the 11ec1.l kn years several' otlwr references to the iron ores 
of the State were 111ade in published articles, but none of them con­
tributed any new information as to their quality or abundance. 

The first syslt·1natic account of the North Carolina ores was given 
~y Ker~'"• who diseussed the ore deposits by districts, describing them 
m considerable dL•Lail, illustrating his descriptions by many figures 
and maps, and quol ing many analyses. lVlany of the mines described 
are, however, east ol' the areas discussed in this report and these, there­
fore, need not be referred to here. 

The ore in Liu~ hdt passing through Catawba, Lincoln and Gaston 
counties was reported to consist of talcose, chloritic, q uartzitic or actin­
olitic schists i111pn·g11ated with granular magnetite and hematite, and 
lying near a quartzite, whieh Emmons had declared to be a marker for 

HLcsley, J. Peter, Iron :\Ianutacturer's Guide, pp. 44:U, 451-452, N. Y., 1859. 
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the ore deposits. The bell eonlaius, according to Kerr, two parallel 
"beds," the westerly being the more productive, with 12 feet to 20 feet 
of talcose or chlori Lie slates between them. 

The belt is saitl to divide itself into two groups of beds, the northern 
in Lincoln counly, and the southern in Gaston county. The principal 
deposits in both groups were JescribeJ in some detail, and attention was 
ealled to the great size of some of them. 

·Thal vortio11 of the belt in Gaston County was sl a Led to be similar 
lo the portion in L incoln County, hut the ore coul iti.ns a little mor 
hem a titc and usually has a red streak. The belt is Jou Lile, as it i~ fur­
ther north, but the two parts are much farther separated. 

Other deposits of magnetite were mentioned as existing in Lincoln 
and Gaston counties, but as most of them are not in the belts recognized 
by the author they were simply referred to. 

'l'lie Criwberry ore-hank, however, was h1•icfly Jesc.:ribccl.. The 
· mntry rocks around th deposit W!.!l"e stated to he J1ornl I nJ.e shit 
uud sycni l.e, and gniy gneis~cs and g11eissoiJ slates. ,\t. Llmt li111c 
lhc min' bad uo\ Ii •en opened, the or, bcu1g tak~ fnrn1 t he loo:c masses 
scat tered throu~h lhc soil ov •1· t.he vci 11 . l'rof. C'l~tm<llc1· is quoted as 
statiuJ.( Ll1al it wa~ Lhe hcst iron 0r • Ill' haJ eve r ,urnly~cJ. Ill regard tu 
11 11 a11Li ly Kerr lwli1·vccl iL " cxc eds Lh • gTcaL J (eposits of Missouri and 
;\li("]1igu11 aud al ka~t eq11als uny· hinp; in Lhe 'hamv.lain region (pag • 
'.!l'Hi.)'' Jh- gav • lln details alio11t the veiu , 111 •rcly <ledarin :• t lial ' ·tli t:: 
\' jli,<lok is n1>l ent ir ly con linml lo a single s t.rnlu111 or part of tlie bed, 
lll'it1g 111ix •d to some t•xl •11 wilh llw p yroxcnic rocky g·ung-uc wLi ·11 
11111,;L aho11ncls Lciward th weslern side of the' vei n." (Page !WG.) 

OL11er ore beds like those at Cranberry were reported to exist to 
the northwest, west, southwest, and southeast of the Cranberry beJ, 
111any of them like the Cranberry deposit; but most of them were known 
only by their outcrops and no definite information as to their size was 
available. 

lrnvo1·tant 111ugnclile deposits WL' rc said to 01.:cur, alsi1. iu As.li e 
Cou11 ty-t h ' b sl known heing on H or~<: reek, acl Ilampt011 s iu1d nL 

Grnyl,ill's, and the lnrgcsL on Helton C.:re,:k. Th • veins WCI" ~tated to 
be i11 gneiss ,rnd syenite a nd their ga.ngw.• t o he pyn1xcn • .and epiJoLe. 
l•'rnm lhe Helton C reek deposit, at: orJin g to the author , a coar ·e­
gr.iincd, pure 1i1:q,rnctite had been L,tkcu Jnring a long period. One 
n:i11 is !) feet wide a.ud another 18 l'e •L wi I •. Ot lwr deposits o •1;ur in 
the district but they are known only by han:d specimens. 

The titaniferous ores of Guilford County were described in great 
detail, much of the description being taken from a report made by Dr. 
J. P. Lesley for the North Carolina Centre Iron and Mining Company. 
In this report Lesley refers to the origin of the ores and reaches a eon-
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clusion which is opposed to that of Emmons, who rcf-(anlcd them as 
igneous veins. (::-ice page 2-l,.) Lesley declares (page ':!-l, 1) that: 

"The beds Wl'I'<' deposited like the rest of the rocks in water; , de­
posited in the same age with the rocks which hold them; are in fact 
rock-deposits hig-ld.,• charged with iron; and they differ from the rest 
of the rocks only this respect: that tlicy arc more hi[lhly 1:/rnr!JPd with 
iron. In fact all our primary (magnetic and other) iron ore beds obey 
this law. They arc merely certain strata consisting more or less com­
pletely of peroxid<' of iron, with more or less intermixture of sand and 
mud, which when crystalized, fall into the shape of feldspar, hornblende, 
mic_a, quartz, &('., &e." 

The author slates that magnetite and titanifcrous iron ores were 
known to occur also in 1\iadison County, but they were not examined. 

Within the next few years S. T. Abcrt 11 in a report to the Chief 
of Engineers, l 1. ~ - Ar111y, made mention of the existence of iron ores in 
Gaston, Lincoh1 a11d Catawba counties and a writer who signed himself Nie 
called attention lo lhc construction of a railroad from Johnson City, 
Tenn ., to Crunbcrr.v in order to tap the ore at Cranberry for the use of 
furnaces in Tc1111l·sscc. He estimated that not more than 50,000 tons 
had been taken l"rn111 all the lenses in the vicinity of the village, and 
advised further l'Xploration. H e also noted the presence of other de­
posits southwest uf Cranberry and of a titaniferous ore on Rocky Creek. 

In 1883 a11d I KH-1 Smock" again mentioned the cxistcnceof magne­
tite in western !\orlh Carolina, an<l in the earlie1· year the Handbook" 
of the State of t\" orl h Carolina contained a summary of the State's iron 
resources. Mosl of the statements in these articles arc repetitions of 
those publishe1l in Kerr's report. 

In the Mi11er;d Resources of the United States for the followi11g 
year, however, .J. \l. Swa11k" made precise mention of the ore-bank at 
Cranberry, whi('l1 II(' declared had been worked for 100 years to supply 
bioomeries in th,· neighborhood. At the time he wrote preparations 
were being made lo ship the ore to distant points and to smelt it in a 

small charcoal furnace that had been built at the mines. The ore was 
said to possess " s uperior adaptability to the manufacture of steel." 
Several analyses appear in the report, but they arc useful at the present 
time only in showi11 g l hat the character of the ore produced has remained 
uniforn1 for 40 y1·ars. 

ll.Ahc rt . S . T .. J ◄:xa mi 11ation of Cata wha River from Kou th Carnlina. lin e to Old Fort, 
North C arolina . U. :s .. \,·my , Chief of Bni;inccrs, Heport for 1S7U, pt . I, JJ J) . 3U7-:nu, Ap­
pandrs <l . IS711. 

UN .. lVf,agnt: l-h· l 1•j11 1 ore: uf Ull! t;naka I\l'uuut:dn~. N ort.11 CnroUntt a nd 1•onnessco: 
Eng. nn<I :\ fin . J our . \'ol :!•i . pp. :.?72-:!7~-! . ':.!U:1-~t) ,J. I S7S. 

"S111ock. J . c:.1 l . s . <11•1J I. l;i1Jn· .• Mi n , H uso(/ rccs for 1ss2, JJ . 71n , 1s,;:i. 
~mo,:k. J. C' . , , •1•11l~1J.;ic1>•gt,toyrap l.tlcnl distiril1uLim.1 or LhH1 rnn nr l"-~ •>r Ll11• Eastern U. 8.: 

Am. l nsL Min. (;;111,. 'l'ra 1Js ., ,,01. 12. 1>1'>- 1:10 - 1-1--1, l Sl>-1: and E ng. and i'.-fi 11 . Jou!"., vol. 37, 
pp. :l li"- ~ I.~. 230-2:l2, 1,;s.1, 

11Jlum.lbook of l,J 1u State of Na rt.lL Carolina, 1,tx .. hihi1rlng it s rcsnurces and i11Uustrit.•s. 
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A series of analyses arc also append •d t o an articl e.. hy Porter" 
on the iron ores and cou ls of Ala.h:una., Georgia and ' ' •nncssee, and 
some of them are of !>amplcs of mag-ueLilc collected in North C,trolina, 
among them samples of Cranberry ore and of a titaniferous ore from 
Roan Mountain. Unfortunately there arc no precise locations for 1i1ost 
of the samples. While Porter regarded the Cranberry oecurrenec to 
be "a great bed" he believed that there are equally large ones in Ashe 
County and perhaps elsewhere. 

Two yen.rs later Swank11 ugidn rcfc.rre<l to the "celehmt •d C ranh rry 
ore" a. b ing well adapted to the man ufacture of ste I hy the acid pro­
cess, und stated that similar ores oci·ur elsewhere in t he wes tei-n part of 
Ll1e Stale, and Jobu BiL-kiuhinc •~ rcfcn cd briefly to t h , Cranberry de­
posit. and to various "''cins of m·1 gnctitc elsewhere and ~1uotcd ana lyses 
by Britton and 1\'k 'Teatlt of the C ranberry ore and of an average of 23 
.~amples of limonites from lhe soutLwester.n part of t he • tate. 

A boll t Lhis .·amc ti m e, appeared the Ce11sus R eport 1' on the Mi uing 
l11d11st..ries of t he United States during the en::;u~ Year h -•1,rinuing Ju ly 
1, J881i . In this rr.port brief desci-ip tions o[ a ll the mines in North 
Carnlina und analyses of their ores itre given. Th.is 1·eport will he re­
ferred to repeat edly in the present di :,<:ussion, partly because it gives us 
llw earliest details w have of t1u.: mines iwd _parlly because it cont .tins 
the mosl comp! •Le analyses of t he r,re.~ that had hecn published a t that 
time. As l t was WJ·ittcn when t he m;tgnetit t;s were being xplored most 
\·igorously it conlains much iufornia lion which would have b en lost 
ii' nol preserved i.n its page., 1,~cnuse many of the deposits the11 exposed 
lo sig;lit lia·v, sine • h en coven ~d by dchris and are no longer available 
for study._ 

A few references were made to the ores during the next two years 
hut they added very little to the information given us by Kerr and Willis . 

Du.ring Ll1e course of u t rip ac:ross Lue Sta t i:, Ill'itlon•• visi L d Lhe 
( ' l'a11h •rry miue, wh ich l1 c report •d lo he LIL rocks that ar ' prohabl_y of 
tl11· same age as Lliosc in whi ·Ii t he N ew J · rsey ore:; :u· • fou11cl. The ore 
i~ c.h:seribccl as being in a l eel 1Lt least 100 fe •·L thi k, a nd as being sclf-
1'111xing-, probal ly in consequence ol' the pres n · in it of mttcl1 dark-
1·olorcJ py roxen . Wi th il is assm:iuted some cpidotc u.nd insignificant 
a1110u11l s or while qua1-tz and cale.ite , a nd ba11ds of feldspa. thic rock . 
Tl1c strata are said to be much contorted. 

In the following year were published the notes of a lecture delivered 
J.~· John Birki11binc"' on the iron ore resources of the country in which 

11Porlcr. J _ B ., The iron or1is and coals of Ala.ha.ma , Guorl-{ia. a.nd Tc11ncss, iu. Iron ores 
uf NorLh Carolina. : A1n. Inst. l.\fi n . Eng. Tra ns ., vol. 15. [>p. 1 H0-10 1, 2UIJ. IM8ti. 

11 ll . S. Geo!. Surv., Min . R esources, 188G, p . :JO, 1887 . 
1•ldem., pp. 82-8:1 . 
L&\\'illis . Bailey, Notes on s :Ln1plcs of iron uro collected in North Carolina: 10th Cens us 

l". S ., vol. l 5 , pp. 301-:120, 11:HiU. 
: 0Hritton, N . L., Geol. notl:s in \.YcsLcrn Virginia, North Carolina and Eastern Tcn­

lll's:-wti: N . Y. Acad. Hci. 'rrans ., v o l. 5, pp. 215-223, 1887. 
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he referred I" I lie existence of magnetites in North Carolina and the 
fact that tlu~ lirsl: discovery of iron ores in what is now the United States 
was made in this State in 1885. 

The firsl fairly complete account of the State's iron ores is to be 
found iu I l1, n·port of Knr and Hanna", published i11 1888. In this 
volume of !~;i!l pages, 64 are devoted to the iron ores. The deposits are 
discussed b)• districts as in the first report (sec page 24), and each mine 
that was OJlL'll al the lime the field work was done is deserihed in detail; 
and in the eases of all important mines the descriptions are illustrated 
by maps. Tl1c character of the ore in each mine is also carefully de­
scribed with I he aid of many illustrations and numerous analyses. 

The ge11Nal discussion of the deposits is identical with that in the 
earlier reporl 1'Xl'L'J)t that Hanna is inclined to think that the ore was not 
deposited with the or1ginal sediments (compare page 26), but was 
later forml'd l,y some metamorphic process. The greatest advance 
over the ea1-lil·r report is in the discussion of the individual mines. Each 
of these is dl'sc·rihed by name and the manner of occu1Tc11ce of the ore 
in many of them is illustrated by figures, some of which are reproduced 
in the pages following. Many of the descriptions are also q noted in 
part, so that I lil'y will not be referred to at greater length in this place. 
Numerous a11afysc:s enrich the descriptions and render them all the more 
valuable, sinn• Llicy were in many cases made on fresher samples than 
it is possibl(' lo secure at present. l\Iany of them, however, are reprinted 
from Kerr's ,·:irlil'I' report. 

Brief rl'i'l'renee is made to large deposits of magnetite in Ashe 
County, but 110 detailed description of them is given. 

. No otlil'r d<·s<Tiptions of the ores of North Caroli1ia are met with 
until the puhlil'alion of Nitze's report in 1893, but references to them 
arc found in s1·1·t•ral articles. ~Vhitfieid" gave a partial analysis of the 
Cranberry on·. T. S. Hunt" referred to the ores of North Carolina 
in his general dl'seription of the iron ores of the United States, and .J. 
lVI. Swank'• i11 liis '"History of the .i\Ianufacture of Iron in All Ages," 
but both of lll\'.,1~ writers merely mentio11ed the Cranberry and some 
other deposi 1.,. ll unt regarded the Cranberry ores and other magne­
tites in the <'Xl1T111e western part of the State as belongi11g in his Lau­
rentian series, a 11d believed that the ores and the gneisses with which 
they ai:e assol'ia I \'(I were deposited from a great ocean. 

. 21 Birkinh_i111· , .lulrn. The iron or'-'.s of the United ~tates: Jour, }1..,ranklin Jnst., vol . 12G, 
Ph1la., IJJ). lOt,, 10.". I.SSS. 

, :t:Kcrr, \\' . C' . , ;111(1 Hanna., G. B . , <>res of North Carolina: Gcol. of North Carolina, 
vol. 2, cha,p , 2, pp. I :.!.j-IS7, Raleig-h, 1888. 
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"~Swank .. I \I . , l'hila. An1. Iron & Steel Assoc .. pp. ~72-275, 1892 . 
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In 1802 H. B. C. 1\ it:te" gave a preliminary uceount of his work 
on the iron ores of Ashe County in which he described the main deposits 
and quoted a few analyses . In the following year he " published an 
advance summary of a sl11dy of all the iron ores in the State, and in the 
same year appeared his full report.•• 

In Nitze's report is given a description of all the iron ore mines and 
all the undeveloped iron ore deposits within the State. Al the time the 
report was being written access was possible to many deposits that have 
since been covered so that its pages must furnish us much information 
that is not elsewhere obtainable. There is very little in the report that 
was not covered in the reports of Kerr aud Hanna and of Bailey Willis, 
except with reference to the devdoprnent of the mines, and the <·ompo­
sition of the ores. Many new ,u1alys 'S are published and there are 
given a few geological notes. For the first time the Cherokee County 
limonites and the Ashe County magnetites are described in detail and 
their geology outlined. An attempt is made to show that tire ores in 
the crystalline roeks occur in belts that are apparently regarded as re­
presenting definite horizons. In Ashe County, for instance, the mag­
netites are grouped in (1) the Ballou, or River, belt, (2) the Reel Hill, 
or Poison Branch belt, and (3) the Titanifcrous belt. There is no 
general discussion of the origin of the ores, but here and there occur 
remarks as to the possible origi.n of individual deposits; but these, as u 
rule, are taken from ,Villis's article in the report of the Tenth Census. 
Hcpeatcd reference will be made to Nitze's bulletin in the succeeding 
pages. 

Nothing of importance was contributed to the subject under dis­
cussion between 1893 and the appearance, between 1903 and 1907, of 
Keith's series of folios on the quadrangles in western North Carolina 
and neighboring portions of Tennessee and Kentucky. References had 
been made to the iron ores of North Carolina by various writers, but 
these references were merely interpretations of statements in Nitze~s 
bulletin. Phillips" in an article in which he briefly discusses the mag­
netic concentration of North Carolina magnetites questions the prac­
ticability of concentrating them with profit and states that he doubts 
the value of any of the ores except those in the extreme western part 
of the State. 

In the volume "North Carolina and its Resources",o a brief account 
of the iron ore resources is given, but the material was taken almost 
without modification, except condensation, from Nitze's bulletin. 

i• N it 7.u, LL U. C., rrll u 11t11J,f11Ut:ic irori ON!S of Asho , o ., N. C.: Am. lnst. l\Un. En:;. 
Trans., vol. ~ 1, JII>. :!OU-:! n . Ui U:?. r: , 

:1 ,N. • ; 0 01, ~ u..rv . . l?i.t.s t O ir.11111al H. 1.1 pu1•L, 18~1- 1:-iU:!, .,Ha.lcl7h, pJ). '..!,>-2li, 18U3. . . 
'<;><iL7.~, H , 1-J , •• Iro n (u·,•s or N'onh CJ,u·ollna : N . 0 . Gl•ol. Surv., Uull. No. 1, pp . .l,l!J, 
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The scri1111s sludy of the details of L11 t· geology of the 11rnguelile 
ores began with L h , appearance of the Fe<lcm l geolug-ists on the sc ,n,·. 
when they undertook to mav the quadrn11glcs i1'l wl1ich the ore bodies 

occur. 

Kcilh, a,, l he result of lais work i11 mapping s verul oft he qmulran~les 
in the ;wc,der11 part of U1c Slate, 0L1Laincd a general knowl edge uf tl1 e 
many ma1.p1dilc d •p sits oecurri.ug in the crys la.llim: rocks aud inci­
d,m tnJly <il-\' elvpcd the fu:s t pr 'cisc views that have been published 
wilh refcrc11,·t· lo the origin of Lh 1,>1·eaL <l •posit at Crnnbcrry. Tlws1.: 
viows he g.1,·,· hri •fly in the Lcxt or Ll1e Cru.nherry folio" , and ag1Lin in a 
special a rli.-1,· in a bulletin " of Lh • Federal Survey.. He de. cribc<l the 
Cranb •rry dq1osil as being on • of a series reaching frolll uear Old F i ·kls 
on the N,u·I It To River , nor.thwestwanl. through Cra.nhc rr.r to Hl1dJ 
Creek i.J1 T1·11 1ws.~ c . The line of outcrops lies in the Crnnbcrry granite , 
nn<l exle11ds i u a direction which is nearly parallel lo t,hc buLm<lm·y of 
tl 1e gnmi tc wil Ii Lhe older Roan gneiss. The ore is sni<l to o · ·ur "as a 
s •rie of h•11 l in d.tr bodies of magnetite iu n. gangue of horn.blcudc, pyrox­
ene, cpidol l', wilh a little feldspttr and quarb:, and a l'c·w unimpor tant 
minerals. Tht· ore and gangue occur a a. series of great lenses <l.ipping 
toward !ht' srn1Ll1west a t angles of -~5 °- 50° ul>0u t para llel to the ])Innes 
of sc-,h.is to~ily in the gneiss (schistose Cra.nberry granilc) . The ore is 
found in th e ga11 gue in. the shape of smaJler lcn s.?s <lipping southwc~ L 
from 40 ° Lo u0 "." T hey vary from a few inche:s to 5.0 feet in thickness 
and are fro111 ·! lo 5 limes as long. Sum •time. Lhc lenses have sharp 
limits, b11l 1·1s11a lly the <H"' nnd gungue grade into one another. Mor •­
ovcr or , is ::o pri 11klcd throu gh Ll1 e gungue n11<l more or less g,u1 i;u • is 
scattered thro11gl1 the ore. 

The minerals composing tl1e ore and gangue were thought to have 
been deposited long after the enclosing granite had solidified and indet:d 
later than the deformation that produced its schistosity, since, as he 
supposed, they "arc only slightly crushed or rearranged, although they 
are the same Yarieties which, in adjacent formations, show the greatest 
metamorphis111." The ore deposit therefore was believed to be secon­
dary. "It may have replaced a pre-existing mass of rock by solution 
and substiLutiou of new minerals, or it may have been deposited from 
solution in open spaces in the inclosing formation." The latter re,ult 
was regarded as unlikely because of the great sife of the deposit. It 
appeared morc probable that the on• replaced nri igneous, diaba_s~-like 
mass that iutrndcd the granite. Because diabases elsewhere m the 
region, though much altered by metamorphosing processes, have no\ 
produced ores, the author thought that -ivater charged with mineralizing 
agents "dissol \'e<l and perhaps adde~ to the roe~ minerals and redc-

I 

nKciLh, Arl11ur, U. S. iuol. ,S un'. U col. AL1;L'S',. O rn.n be1:ry _folio (No. 90). P; ~• l,~03.,._ 
ul{cith .-\rt ll ur Iron ore th!J>t»tH,~ of tho Cra n l> -=,ri:y d1str1ct, North Ca.ro1Jn.1.-Icnnct1 

sec : U. S. G;,ol. S111·v .. Bull . ~ l :J, l>f>. 24:l , 24U, l!JU:.I. 
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posited them in favorable places, either in the old or in new chemical 
combinations." The places of deposits were plainly controlled by the 
schistosity of the granite. In the granite are small veins and stringers 
of magnetite that may represent deposition from the mineralizing solu­
tions where there was no readily alterable rock, and at other places the 
gangue minerals and even magnetite arc developed in the mass of the 
red. granite along more or less mashed zones. "These perhaps represent 
the places where alteration was most active; that is to say, the actual 
channels through which the mineralizing solutions passed." 

Since the magnetite deposits were believed to be younger than the 
folding movements in the district and the Bakersville gabbro also 
younger than these movements, and since the magnetite bodies swing 
around the circumference of areas believed to be underlain by the gabbro 
in the granite and in the Roan gneiss west and southwest of Cranbery 
the author was led to suggest that "the magnetites are due to alterations 
begun by the gabbro intrusions." However, since there arc no gabbro 
intrusions in Ashe County the magnetites in the Ashe County urea can­
not have been produced by this process. The author thought the iron 
in this area may have been dissolved from the Roan gneiss through which 
mineralizing solutions must have passed in more than one epoch. 

There is a band of titaniferous magnetite deposits south of the 
Cranberry belt of non-titanifcrous magnetite and parallel with it. "In 
as much as the two belts arc in close proximity and each is extensive 
without overlapping the other, their depositing solutions were probably 
adiYe at different times. Still another period of mineralization left 
its record in the pegmatite veins and lenses so common in this region. 
These, however, were <;rushed and distorted during the folding of the 
strata, and thus are so much older than the magnetite deposits that 
Ll1ey l'an have no origin in common." 

In the Asheville folio» the author calls attention to the presence 
of Yeins of magnetite in granite, mica gneiss, hornblende gneiss, and 
hornblende-mica gneiss, and states that in most places the ore is asso­
eiated with a gangue of hornblende, epidote and quartz, as at Cranberry. 
I I is worthy of notice that the magnetite deposits are not limited to 
lhl' gra11ite areas, as was intimated to be the case in the text of the 
Cranberry folio. 

The magnetites in the Mount Mitchell" quadrangle are nearly 
all lilaniferous, hut the author does not presume to offer any suggestions 
as tu their origin. 

Two years later, in 1!)07, the three folios on the N antahala, Pisgah 
a11d !loan l\lountain quadrangles appeared. In these Keith" makes 

:;l\t•!Lh, Arthur, U . H. (ll,01. Surv. Geo!. A tlas . Aslu'.!Vill foli o ( No. llU), p p. U- 10 lllU5. 
,. l~mt.h, Arthur. U. S, OuoL Sur. Geol. A t lu.. . !\fount M itc llc ll follo (No. l :!·11. 11. 8°, l!l05 

'"'ILh , Arthur, U. S. Oool. Surv. Geot: A~J;i s , foll1J:,; 1,rn : L-J ? a nd 151, J!/07 . 
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in general Ll1e s,1 me statements with reference to the ores as were made 
in the earlier folios. 

The maguctile deposits in the Roan Mountain quadrangle arc 
described as lieiug in the Cranberry granite near its contact with the 
Roan gneiss'". The statements as to the origin of the ores are the same 
as in the case ol' the Cranberry deposit. No special reference is made 
to the titanift.rnus varieties. 

Two ite111s appeared in 1907, at about the time the last of Keitl1's 
folios was issued. In one Eckel" remarked that the iron ores of North 
Carolina arc of iuterest as of possible future use, but, he s:tys, they are 
not "serious fadors in the industry of to-day." He furlher states that 
"though deposi ls of brown hematite are known to Ol!cur at various 
points in Nort 11 and South Carolina the ores to which attention must 
be paid in fut 11rc are the magnetic ores of the western part of both 
States." Hess"' i11 the same volume, calls attention to the richness of 
some of the .:\orth Carolina magnetites in titanium and refers to the 
deposit north of Lenoir as being composed of menaceanite, magnetite 
and rutile, slating that it has been used in the manufoelure of fcrro­
titanium. (:-,,•e page 22!>.) 

Five years later, in Hll2, Pratt'~ <luring the comse of a rapid trip 
through Ashe Co1mty examined a uumlJer of the old mines and mine 
openings in till' <'ounty and published the results of some of his obser­
vations. He f111111<l the magnetites to be in lenses some of which may 
continue for long distances along the strike and dip. Others are smaller 
lenses in seri:·:-. . These arc S<!parated fro111 each other by country rock 
or are conneell-d with each other hy thin seams of ore. Some deposits 
may be so Slllall as to he of no commercial value, while others may be 
of great size. Tliey lie in hornblen<le gneisses and sc!1isls and in mi­
caceous sch isl s, and arc conformable with the country rock in strike 
and dip. 

The <leposi Is are grouped in the three belts of Nitze. These Pratl 
calls the River l,ell, the Poison Branch belt and the Helton Creek belt. 
The most important deposits on each belt are described in some detail, 
but there are Ho statements made as to the po3sible origin of the ores. 
The details of t ltc descriptions arc referred to in the discussions of the 
various deposils in the body of this report. (pp. 134 to 160.) 

The author <loes not refer to the titaniferous ores of the county. 

Finally i11 l!H3 appeared Singewald's• 0 report on the titaniferous 
ores in the United States, in which some of the North Carcforn occur-

"Keith, A1·l,luu·. IJ. S. Guo!. Surv. Geo!. Atlas, Roan Mountain folio (No. 151), p. JU. 
1907. 

"Eckel, E _ t' , . I nm ores-North Carolina: U. S. Geo!. Surv. Mineral Resources. !OOti, 
p.88, 19 117 . 

u [Uid . , JL r,:u1. 
"Pt at.t • .I , 11 .. The minini; indllSLry in N ,wth 0 :u•ol!n:i. tl1wlng 1\111 and 1912, N. C: 

Gcol. nml Ecuu . ;fo rrey. li: c,onomic Papi,r Nu . . :!•I. Pl'• U~-1 :1. Rr,loigh, llll ·L . 
d1~Hngnwil l1I . . 11,s. 'r .. 11·~, Tlw. L.l wu 1ircruus lron un •~ ln thu nitcd S Lnlcs, t,heir compos1-

tton r,,ntJ cc01t>1111l1• \'alue: U . .'. Dur~a u or .l'.-tln~s. Uull. U-1-, Pl> , 35. SO, u~. 1!113. 
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rences are discussed with reference to their titanium content. It was 
inferre<l from a study by metallographic methods that in most cases the 
ti_Lan iurn. is. pre,w11t ,L~ ilmenite, which is in tergrowu with magnetite, 
often_ so u1t1ma tcly that Lhe two minerals CIUlllOt be scpurute<l by mc­
cltamc.d _means at a cost that wiU allo w the purified ore to compete 
co~n ·rcially witl1 nou-titan.ifor(rns magnetite. Later study nf t hin 
sections have sl10\Vn tl111.t the ti1an.ium is mostly present as rutilc in­
stead of_ ilm~nit:. In the case of the Guilford County ore, however, 
obscrvatwns md1cated that the titanium mineral is in very coarse inter­
g_rowt~1s, and exp ·rime•~t~ showed the possibility of the maguct ic separa­
t1011 of a product cont1u umg such a low content of titanium us to warrant 
its use in mixtures with titanium-free ores. 

Recently several pape_rs by the present writer dealt with the origin 
o_f the Cranberry magnetite", of the marble-magne tite ore" at Lan­
smg, N. C., and of the titaniferous magnetites" in the western part of 
the St:~te, and _a fourth paper◄ < describe<l briefly the various types of 
magnetic ores m western North Carolina and East Tennessee. Since 
'.n~st of the material of these papers appears also in the present report, 
1t 1s unnecessary to refer to them further. 

I 
41 Utiyley, W . S .. Tho magnctito ores of North Carolina-their origin· !,;con Gcol 

1·0 . rn. N"o. 2, p . 142. 1021. · · ' · • 
c "ll1 '!>:loy. W. S., A m ug11uLitu- ma ri}l(i oro at Lansing N. C . : Jour. Elisha. Mitchell 
,-,u., vo. :1 , , N o:-c. a and 4- , p. _l:J~. 102:!. · 
(' ,~•Uai·lcr'' · V,' . !:I., 'l'hu l)CCUlTUU~!! ur ruLlle ill t h() ll1.a nlfu rnus magnctlk or W,·storn North 

aro ~~la- auc Ea.."itcrn_ 'r~·•-m l\!$.SC ~; l·~ •01101.11..k G c.:cJl.Ol{Y , vul. 1~. No. 4. p. as:! , 1 fJ'.!:i . 
. 1 c, ~tlyley, W. S . , General features of t ho mn1,<notl~u urcs of Wcs~c rn N o,·tlt Carolina 
,1111 ,,astern Tennessee: U. S . Geo! Surv., Rul l. 73&-<, . HI:!:!. 
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CHAPTER III. 

THE ORES 

GENERAL FEATURES 

The magnetic ores of the district under discussion, as has already 
<leen stated, consist of three kinds: (1) those in which the ore com­
ponent is luagnetite; (~) those in which it is a mixture of magnetite 
and some ui.iueral containing titanium, and (3) those in which it is a 

mixture of magnetite and hematite. At present only the non-titaniferous 
magnetites are of economic importance, although at once time the 
Lituniferous ores were ruined a.ml formed the mu.in supply for some of 
Lbe forges in North arolui.i. It was believed that they might foTnish 
tl1c princ:ipal sow·ce uf iron for l1 1e co.stern United Sb1 Les. How 'Ver, 
with t he introduction of modern methods of smelting, the value of the 
tit1rnil' •row; ores duu.iui!lhed until i11 the latter J>ortion of the las t ce11-
lury all the openings into the deposits of these ores were abandoned. 
The magnetite-hematite ores have never been exploited. So far as is 
now known, their deposits are comparnlivcly small and they are so 
far from railroads that the cost of getting t it ·m to the furnaces is pro­
liibitive. Nevertheless, since the litan.iferous an<l the J1c111atitic ores 
constitute reserves of potential value, it is desirable to discuss them in 
some detail. 

Both the magnetites and the titaniforous .ruagnetitell are ali.k, in 
g1• 1.1era.l appcaranc • and in their occurrence us lenses au<l vci11s in gu •is. cs, 
sd1ists and other crystalline rocks . 'l'J10se in the mounlain cListri ·Ls 
an· as!\uciateJ witl1 Ar ·he11 11 country rocks. The country roeks as 'O-­

,·ia t1·d witl1 the deJlO ' its in the fiecLnout area are quarb:itcs, ma.rhl 
111i1·accous :,1cbisL~, :,dates, gneisses, an<l old volcanic lavn·s and 'luffs 
11 l1icl1 ar • younger titan Archean, hut }ll"obably older t.Jrnn Cambrian. 

Nitzc" i11 his di s ·uss io1 of the uwgn lilic ores in North Caro'li na 
d<:.,1-ribcJ them ns o ·curring in belts, iuferring t hat Lhcy are cLisLribuLc<l 
,dun" co11tinuous lines. Tl1is iu£eren ·c may be correcLin a bJ·oad way, 
i. 1•,, U11: <l •posits arc usually in zones ).mrailel to Lhe general structure 
uf I Ii · region, but in a ntu-rowcT sense Ll1cy are in short disco11ti1rnous 
li111·s or s ·ries of parallel Jir1es that muy be close togethet" iu some places 
,1 11d widdy aJ>art in others. 

In some places the deposits are actually in line with one another, 
wht•n they are situated along a zone of weakness in the country rock, 
usually a zone along which the schistosity is more pronounced than 
l"lst•11·hl're. (See Plate I and Figures 13, 16 and 17.) In other places 
llil'y are in schistose zones but not in the same plane. In these places 
th,, zone itself consists of a series of planes along which marked schis­
losity has taken place, but the loci of maximum weakness are not always 

Haiel~•h;
1
f~~/L B. C., Iron ores of North Carolina: N. C. Goo!. Surv. Bull. No. 1. pp. 23!!, 
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in tl1c saun: pla11.l•. -Th' d1:posils 111.ay he withiu Ll1 ·· limits of a •om­
para.Lively uarrnw belt crossing the cou11try, hul 11ol along the sam.c 
line within L11e belt. Their long axes m 11y h,Lve the saurn direcLi.on, but 

the projection of their strik s are parnUel. 
Tiu> maµ;ndik-hemaLit · ores are nol' so wcll known as Lbe magnetites 

and the ti L1111ir ·rous ore, and their me lliod of occm-r(~Oce bas not been 
s1J carefully slwlit:d. They :OLLsist. ol' m.ixtures of magnetite aml bema­
tile in wid •ly .dil'fcrcnt proportions. They vary in appearance fro.Tl.I 
flinty , purple, uc11sc, vcin-Lik • nH\sses to tine granular and micaceous 
aggregates, r~si:1ubling the sp ·uhr hematites of Lhe Lake Superior 
region, Lba t seem to lie in beds, in terlayered with i 'llt:ous rocks t.hal 
are' beli,eve<l to b · A.lgo.nkian volcanics . 

MAGNETITES 
The mag11dite ores in.dude Lhose magnetic iron ores in which 

titanium is prcsc11 t irt surh sma11 c1mmtity us to give prnctically no 
trouble i11 Ll11: h lusl . rurnac; •. They o ·cm as lens s or veins in the old 
crysta lline rocks of the Mou11Lain <lis tri ·t in North ,troliua a,nd East 
T ennesse a11d or the fi edmont disLri ·L in North Caroli.irn. (St:e Plate 
I and Figun•s 1 !l , Hl 1,11d J 7.) Though associated with large q1m11 Li tic · 
of hornble1uh:, Lh 'Y are nol accompa.nied by basic inlrn sives as is Lh · 
case witli 111t' Li lanife.rous types, but ti re rat.her ·liarn.ele,rized hy Lhc 
pre .. · .•n ·c ll l ' ar l11c 111 ot pegmatites. 

Th 111:q.; 11dil'l: deposits have furnh,li cd most u·f Ll1 ' ore Lllat has 
beeu rnin r.d i11 North Carolina. om· or them. w re worked as early us 
1802 for u~c i II C'ntalan forges . Th • l'amous CranLerr;' or ' which i. a 
11ou-Litu.n.il',•r1111 s 'Jl1uguet:ite produces iron exceptionally fow in -pltosp h( rus, 
an<l for Lid: n:ust,n s upJ>lies H, J.ema11c.l that •an1,1ot he as w , II supplied 
IJy meta] from uuy other source. .All LLe nu1,gneLitcs i11 the district foll 
witl.1in -tin~ Jl, ,,.scmcr limi t and mosl ol' them well b ·low it. 

All Lhl' 111 agnetites, as has he •11 said, o ·cw- in ul<l. ·rystalline rocks. 
l\lost of tlw 111 11;.c in granjtcs and q•(;L,d li1re schists . These :.u·c rcfc1'rc<l 
l() as th11 si lin•<>1 1s ty pe. 'J'!J osc in th l'icdmonl dish-id are in c.rysttd liuc 
schists asso1·i :ilt·rl wi t h <tuurtzil e ·. These also arc of the sili · ous type. 
One deposit i 11 Ashe Co wlly , and perhaps several others, is in marble. 
This is rd1•1-rl'd t.o a,s a marlilc-magnetite or·. 

The fir :-i l 1yp • is tl1c usu ul one for the district. It consists css •11-

tinlly of :t. 11\i xl 11n· of hornblende and magnetite, often cut by s111nll 
vcius of 11 •:.rly ptrre magnetite, or of a mixt111·c of _umgn ·till.l, horn­
blende a.1\d ~•pidote which occms i.n tt m1 re or less <listin ·t vein follow­
ing the ohscun· sch istosity of granitic rocks or th• mote evident ·Lruc-

turc of sc:hists. 
The si:1:o11 I t ype consists of gnmulcs and small 1 •ns of rnngndite 

in ,l whiL 111:1rlile. It is represetllcd by a ·r~w deposits near Lansing, 
one of whit·li is hcing \Vorked by the only active mine iu the ~ounty. 

CHAPTER IV . 

SILICEOUS MAGNETITES 

CHARACTER 

UuJer the name siliceous magnetites are included those non­
titaniferous magnetic ores that occur associated with siliceous rocks to 
distinguish them from those that are associated with marble. They 
constitute by far the greater portion of the iron ores that are in the pre­
Cambrian areas, and those of greatest value per unit, since they are 
lll'arly free from phosphorus and sulphur. Unfortunately most of them 
are found in comparatively small deposits and the magnetite in them is 
so intimately mixed with silicates that some form of beneficiation must 
he applied to them before they are fit for the furnace. As taken from 
the ground they are low in iron, except in a few cases, but when con­
centrated they furnish an ore that is in great demand for special pur­
poses. 

Because of their differences in character and associations the de­
posits in the Mountain district and in the Piedmont Plateau are dis­
<'Usscd separately. The most striking difference in the two groups of 
<ll'posits is the association of epidotized pegmatites with the mountain 
magnetites and of talcose schists with those occurring in the Piedmont 
area. 

DEPOSITS IN THE MOUNTAIN DISTRICTS 

GEOLOGY 

The rocks of the :Mountain district are crystalline schists, gneisses 
an<l igneous rocks sharply infolde<l with conglomerates, shales, san<l­
slones, iimestoncs, and one layer of amygdaloi<lal basalt. Th~,~ 
in places, are metamorphosed to slates, q uartzites, marbles and various 
san<ly schists. The sediments are believed t'o be of Cambrian and Ordo­
\"Jcian age. They arc intersected here and there by diabase dikes. 
(.:-iec Plate I.) The schists, gneisses and granites are pre-Cambrian. 

Since the ore veins are not known to occur in the Camlirian or 
Onlovieian rocks, attention need be directed only to those of pre-Cam­
hria11 age. 

Keith", who has mapped nearly all of the area with which we are 
~uneerne<l, concludes that the sequence of the pre-Cambrian formations 
lll Lhc Cranberry area is as follows: 

Jiu), ';(~-~!,'.:~v*Tih(W°' U.S. Geo!. Surv~y Geo!. Atla~, Crar,burry (No. 90), ~shuville (No. 
folios, IVIIJ-l\J0

7
. o. 118), Mount M1tchell (No. 124), and Roan Mountain (No. 151), 
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Uc11,:rnliet·d luble of prc-<:amuriun ·rocks -in the C·ranberry area 

CAMBHIAN 

ALGONKIAN 

Metarhyolitc ... ... . . . . ..... . . . .. .. Grayish mctllrhyolite and rhyolite porphyry. 
Flattop schist. . . . . ...•. .. . . . . , , .. . Grlly and black schist, proably altered andcsitic 

rol' ks. 
Montezuma schist .. . . . .• • • ... .•... . Blue an,! green cpidotic schist, probably altered 

basalt, and amygdo.loidal basalt. 
Linville metadiabasc . . . . . .. . ..... • .. Altered greenish diabase and gab bro. 

ARCHEAN 

I gncous 1/ucks 

Beech granite. . . . . . . . ...... . . . ... Coarse, rc<ldish or porphyritic light granite. 
Blowing Rock i:m·i,s . ... . . . .. . .. . . . . Chiefly ,lark, coarse, porphyritic gneiss . 
Cranberry gra11ilc- ....... . . .. .. . .. .. Mainly granite and granite-gneiss. 
Soapstone, serpc11 Linc and dunite . .. .. Soaps lone and serpentine altered from pcrido-

titc and pyroxenite. 
Roan gneiss. . . .. , ... . . : ....... . .. . Chiefly l10tnblcndc gneiss and dioritc. 

Metamorphic rocks of unknown origin 

Carolina gneiss . .. . .. ... . . .. .... .... Mien gneiss and mica schist, of unknown origin. 
Includes also other gneisses o.nd schists an<l 
V1Lrious ii:ncous rocks 1L111i small lenses of 
nrnrLlc. 

In addition Lhere are small an•ns underlain by gabbroitic rocks 
which Keith regards as Triassic, but wliidi , for reasons t.hat ·will be dis­
closed later (pages 41 to 44), arc now considered as a portion of the Roan 
gneiss series or perhaps as equivalent to the meta-gabbro which Keith•1 

has differentiated from the Roan gneiss on the map of the Asltcville 
quadrangle, hut which he thinks "was probably formed at about the 
same age as, or perhaps slightly later than, the Roan gneiss." 

In the other quadrangles the va riety and succession of formations 
is very much the same as in the Crauberry quadrangle, except that in 
some of them a few more granites liave been differentiated and given 
distinct nanu-s. 

These rocks are folded into a complicated series of shai-p anticlines 
and synclines, the outcrops of which cover irregularly shaped areas 
with a strong lt·1Hlency to a NE.-s,v. elongation. In many places the 
formations a1ipt>ar on the surface as narrow parallel bands more or less 
curving, but ha Ying a general NE.~SW . trend. (Compare map, Jllatc I.) 
In other places the granites and the Roan gneiss occupy broad areas, 
but they enclose narrow bands of other formations which have the usual 
trend. 

"Keith , A1·L l1 11 r, LT . S. Geol. Surv. Geol. Atl a s , Ashe ville folio (N o. I 1() ) , p . :! . 
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In addition to folding, faulting is also an important. structural 
feature of the pre-Cambrian rocks, though it is not as apparent as in 
the Cambrian and Ordovician sediments where disturbance of the 
known orderly alternation of beds is easily detected. Faults can be 
easily recognized when they occur at the contacts of the pre-Ca mbrian 
and the Cambrian areas, but within the pre-Cambrian areas they can 
be seen only under very favorable conditions. The fault planes strike 
in the same direction as the folds, i. e., usually NE., and dip to the 
southeast. 

All of the pre-Cambrian rocks are also strongly schistose, as the 
result of movements developed during the folding and faulting of the 
district. The strike of this schistosity i.s approximately parallel to the 
strike of the fold in which the rocks are involved, being straight where 
the axis of the fold is straight and curved where the axis is curved. 
For the most pal't the strike is to the northeast, which is the strike of 
the most numerous folds, and the· direction of the trend of the nar­
row areas of the different rocks exposed on the surface. Where the 
folds curve, the strips of exposed rock also curve and their strikes 
curve correspondingly. Since the S<:hi,' tose planes are planes of weak­
ness in the rocks exhibiting schistosity , it is plain that intrusions 
into them of any kind, whether of dikes or veins, will tend to follow 
these planes rather than cut across them, provided the intrusion was 
made after the schistosity was produced. It is for this reason, probably, 
that all, or nearly all, the ore veins of the district follow the schistosity 
of the rock in which they occur, and extend in the direction of the struc­
ture of the country. 

The only two format.ions that need further descriptions than the 
brief ones given in the table above are the Roan gneiss and the Cran­
Lerry granite. noth formations are complex in that they consist of a 
series of rocks rut.her than a single rock. The members of each fornia­
lion, however, resemble each other much more than they do any of 
lhc members of the other formations. The Cranberry granite is a 
series of light colored acid gneisses and the Roan gneiss a series of dm·k 
colored basic gneisses . 

ROAN GNEISS 

The Roan gneiss, according to Keith, "consists of a great series of 
beds of hornblende gneiss, hornblende schist, and diorite with some 
i11tt'rlll'dded mica schist and mica gneiss. The hornblendic beds are 
dark greenish or black in color, and the micaceous beds are dark gra,y." 
The micaceous beds range in thickness from a few inches to 50 or GO 
ft•t•t and they are abundant near contacts with the ·Carolina gneiss, 
where their presence is explained as due either to intrusion of the Caro­
lina gneiss by dikes of the magma that produced the beds of the Roan 
gneiss, or to the infolding of layers of the former with the latter. 
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The hornbleudic members of. the series range from an inch or two 
lo thousands of feet in thickness. Hornblende schist makes up a large 
part of the series. It consists almost entirely of hornblende with a 
very little biotite, feldspar and quartz, and is intcrbanded with the 
horuhlende gneiss, which is said to differ from the schist in being inter­
layered with sheets of quartz and feldspar. Beds of coarse diorite or 
gabbro are also common at some places, and these arc also interlayered 
with the schists and gneisses. It is probable that the formation was 
originally a series of interlayered gabbros, diorites and perhaps other 
intermediate and basic rocks which became metamorphosed by defor­
mation processes and had produced in them a complete recrystallization 
of their components into new ones. Garnet was a common product of 
this process, so that many of the gneisses, schists and more massive, 
dioritic beds are now full of little crystals of this mineral. Excellent 
exposures of the series are to be seen on the Carolina, Clinehfield and 
Ohio Railroad belween Forbes and Toecane and in the cuts on the East 
Tenncsi,ee and ,vcstern North Carolina Railroad one mile south of 
Cranberry. 

About three-quarters of a mile east of Forbes in Mitchell County, 
N. C., is a eul through a diabasic rock that weathers to great nodules. 
Beyond this to the cast are black gneisses and beyond these are exposures 
of a fine grai11ed purplish-black, very slightly schistose rock that appears 
to be a sill in tl1c more schistose gneisses. 

The diabasic rock now consists of large broken plagioclase crystals, 
enlarged at their ends by the addition of new feldspar, lying in a matrix 
of calcite, serpentine, amphibolc, biotite, chloritc, epidote, quartz, 
magnetite, and here and there remnants of pyroxene. The grouping 
and distribution of these secondary minerals suggest an origin from an 
olivine diabase. 

The purplish-black sill in the gneisses is very much like the sill-like 
mass on Roaring Creek (page Q18), which is also mapped by Keith (in 
the Roan l\Iountain folio No. 151) as Roan gneiss. The rock is com­
posed mainly of a medium-grained granular aggregate of fresh and com­
pact green lion1blende, fresh striated and unstriated feldspar, quartz 
and lenses of granular garnet. Scattered among these are comparatively 
large flakes of reddish-brown biotite, numerous small grains of mag­
netite and large and small nests of calcite. Th<.: larger grains exhibit 
a slight tendcll(·y to elongation in a common direction. The small 
grains, howeYcr, are not noticeably elongated, but they are often grouped 
into little lenses that have a common orientation, causing the rock's 
schistosity. Tl1is is particularly noticeable in the case of the garnet, 
which is in very much elongated lenses composed of many little round 
grains of colorless garnet, numerous grains of quartz, small particles of 
magnetite and a few flakes of biotite. Little nests of calcite are scat-
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Lercd throughout the rock, but they are larger and nrnre abundant near 
the garnets than elsewhere. Thin sections of the gneisses differ from 
those of the more massive layers in containing much more quartz and 
often much more brown biotite. 

The interlayering of the massive and schistose beds is well exhibited 
in the railroad cut south of Cranberry. Herc there are hornblende 
schists, amphibolitcs, garnetiferous hornblende gneisses and massive 
gabbroitic rocks. The schistose rocks consist of g1·een amphibole, 
plagioclase, brown biotite and quartz in widely varying proportions to­
gether with small quantities of epidote, sphene, apatite and ilmenite. 
Garnet is abundant in some specimens and is entirely absent from others. 
It is nearly always present where the rock shows evidence of being 
eruslwd. Nearly all plagioclase grains are granulated on their edges, 
or are shattered, and many grains show curved twinning striations. 
New feldspar in small grains is often found with granular green horn­
bleudc making a groundmass in which remnants of the original feldspars 
are embedded. In some specimens the diabasic texture can he recog­
nized, even in distinct schists. In other specimens the entire rock is 
made up of small granules of amphibole, feldspars and quartz. All 
tltli arnphibole-plagioclase schists and granites are believed to be sheared 
diorites, diabases, or gabbros. 

A few schists are now composed of green amphibolc, quartz and 
fresh untwinned feldspar and others of reddish-brown or green bio­
tile, quartz and feldspar. In some of the biotite schists the biotitc 
is in large flakes as in an ordinary biotite schist and in others is limited 
111 the crush debris between quartz and feldspar. In the crush debris 
il .,,·curs as comparatively small wisps. It was evidently a metamorphic 
111i111•ral formed while the rock was being crushed. The original form 
of i hl' richly micaccous schist is not known. It may have been a mica 
d.,, , ile. 

BAKERSVILLE GABBRO 

The "Bakersville gabbro" which is mapped as accupying a small 
area south of Cranberry is described by Keith" as being in a rudely 
lenticular mass lying along the foliation planes of the Roan gneiss. He 
states that it exhibits no evidence of dynamic metamorphism, although 
lhe surrounding rocks are all metamorphosed, in many places to an 
extreme degree. Consequently, he concludes, it must have been in­
truded into the Roan gneiss after the last deformation of the region and 
therefore must be younger than the end of Paleozoic time. Since it is 
thought to be similar in general character to the Triassic diabases and 
gabhros of the Piedmont Plateau area, he assigns it to this age. How­
ever, in the text of the Asheville folio••, he describes a "very basic rock 

'"Keith. Arthur, U.S. Geo!. Surv. Geo!. Atlas, Cranberry folio (No. 90), p. S, l!J03. 
"Keith. Arthur, U.S. Gcol. Surv. Goo!. Atlas, Asheville folio (No. lG). p. 3, l\J04. 

'I 
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of the same general appearance as the massive porlions of the Roan 
gneiss, but . . mueh less schistose anJ gneissoid," which in places is 
speckled with garnets, and states that it "was prohably formed at 
about the sauw age as, or perhaps slightly later than the Roan gneiss." 
He designates it as a "metagahbro." The Bakersville gabbro is iden­
tical with the "metagabbro" in general appearance, and if the latter is 
pre-Cambrian in age, the former is also. The "Bakersville gabbro", 
according to Keith, is a dense, da1·k rock which on weathered surfaces 
has a reddish-brown or rusty appearance. Its texture is said to be mas­
sive and granular in most specimens, but to be ophitic in a few. Plagio­
clasc occurs sparingly in porphyritic crystals and garnet is common. 

All the Yaricties of the Bakersville gabbro described by Keith as 
occurring in tlw area south of Cranberry were observed by the writer 
and in addition several others. One was a porphyritic variety with 
numerous phenocrysts of plagioclase an inch in length. In some places 
fine-grained black schists are interleaved with the more massive meta­
gabbros. In some places the lower portions of the massive layers 
grade into sehisLose phases, but it was not certain that the schists were 
made from the uiassive phases by shearing. · 

In the ficlJ the massive beds showed no evidence of having been 
subjected to dynamic metamorphism, in spite of the fact that there 
had been den-loped in them great quantities of garnet. When, how­
ever, Lh ,jr thi11 sc<"l ions are viewed under the microscope it is very 
appar •11L Llial 11011e uf Lhem have escaped metamorphism. All arc full 
of metamorpliil' min eral s and all exhil>it more or less clearly signs of 
crnshing. In some of them there remain a few remnants of augite in 
the midst of a11 aggregate of grains of green hornblende, but in most 
there is no l r:i(·c of py_roxcnc remaining. The rocks now consist of 
plagioclasc, gn·('ll li(>rnblende, and a little quartz, biotite, sphenc, epidote, 
ilmenite or 111ag11('Li le and calci,te. In some specimens is a little tour­
maline and in ol hers some corundum. 

The plagiodasc is fractured and in some instances its twinning bars 
arc curved a11d ·11u111erous grains show a wavy extinction. Frequently 
I.Ju• 1:dges ol' n~·sla ls ,u·e grnnu.hLLcd a11<l in so111e c·ases what were origin­
ally ph ' TI ·r_v "' ls ol' plagioda · · ,Lr • 1iow ag~rej.!nlcs or s triated and un­

s triat d fe1d.- par gr.iins, a few grains of quarlz, a few or llltLll Y wisp~ of 

brown l>iotil1· all(l 1111 o · ·asion ,d crys lal of ga rnet. The ltornhl •n<lc is 
in masses of s111:1II, closely ·crowded granules, in some places intermingled 
with granules ul' q uarlz and unstriated feldspar, and in others cemented 
by fclcbp11 Ll1i(" 111:1 lcrial whicl1, in the i;cctiou, is co11ti11uous over eom­
paratiYcl~, lurg(· areas. In most CH ·~s the hcnnblcn{lic ,m<l f ·ldspathic 
portions of l lie· scdions suggest a dial,asic Lcxturc, but in olher cases the 
original t •xlun: appears to have b •eu granilic. 

l\J est speeim!'llS contain also garne L in addition to the minerals 1 
already mcnliu11 d. In some the g:u·uc ls a r in the form of crystals l 

PLATE II. 

(A ) 

( Ii) 
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of lhc same ~i z\' as the other roek cons tituents anJ arc scattered irregu­
lnrly among tl11·111 , but in 1110 ·t spcc:i11H;.11 ,, Lli ·y ar · i.11- large grnins many 
Lim e.~ larger I l1a 11 any other c·omponcn l <rx ·cpt Ll1 e J ldsJJar phc•nucr~'~ls. 
Pia ll' II, A. ) All the go m ets l1av · tl1c sieY • s tru Lill" which is indi­

catiYc of mct a11wrpl1ic origi~1. In sonw :-:vecimens brown biotilt' is aLun­
dunl .m<l anri'l 1il,olc is prcscJJt. In Ll1c·s quru.·tz is more common Urnu 
in the l1onil1l,·11di <: phases. 

hi nearly all sections tl1crc ca11 1Je J •tccte<l <:rus]1 zones, in wlucl1 

all t he com111u l<111ts are in smn11 grains formiu g a SC'hi sto e ruosuic con­
tuiu i11g more liioti'l c tlum is pic:;Pnl t·lscwherc ill -U1 scclions. 

AD a11 uly:il'i of a non-gHrn tiJ'erous vari •ty wjth a )i ;thasic texlw-c 
from Cnml H' rry Crc.ek, mad,• by Dr. J. I. D. Hill(Js of tl1 e T en11essce 
Geologic:tl ~111·Yl'Y, gave: 

, !1111/!lsis of "Bakersville gabbro" from 11ear Cranb,·rry, N. C. 

:-iilica (SiO,). . . . . . . . . . . . . . . . . . . . . . . . . . . . 41i . 80 
Alumina (Al,O,). . . . . . . . . . . . . . . . . . . . . . . Hi. <i5 
Ferric oxide (Pe,O3) • • .• • , • • • , • , • • • • • • • • • l :1. 52 
F<'rrous oxide (FcO). . . . . . . . . . . . . • . • . . . . 5 . 0-l 

Mag11l'sin (MgO) ... . .. , . .. . . .. .. . .. . . .. 4 . 01 
Linw (CnO) ....... • . . . . . , , . . . . . • . . . . . . . 8. :l2 
:,;oda(Nu,O) . . ..... . . , . . . . . . , . ....... . 2.86 
l'nlash (K,O) . ... .. ... . .. . . . . . . . . . , . . . . . HO 

Phosphorus pcntoxidc (P,O,) . .. . .. . . . . . . . 1 . -11 
\\'al,·r ahove 110° . .... . . . . . . , . . . . . . . . . . . 50 

!)!J . !JI 

This corn·sponds to a hessosc in the chemical dassification. It is 
a mctudiah.is,· in the more familiar classification. Other specimens 
would giw oilier results, but all the massive beds in the series would 
probably I)(: proven by analysis to have the chemical compositions of 
gabbros, d iori l 1·s or diabases. · · 

From the rni<Toscopic study of iil'dions it has been learned that all 
of tl1e massin' ro('ks in the "BakersYille gabbro" urea arc similar to the 
massive heels in the Roan gneiss series. They hayc suffered the same 
kind of alt cm l ioll as the beds in the Roan gneiss and have suffered the 
same degree of metamoq:hism. They cannot be regarded as unmeta· 
morphosed Triassic rocks. They must be regarded as a :rart of the 
Roan gneiss seril's, and probably as equivalent to Keith's metagubbro 
of the AslH"villc area. 

CRANBERRY GRANITE 

Keith '" writes that the Crmtberry granite fonnltlio11 " ·oosisls of 
granite of vary ing texture an<l (:olor, and of schists and granitoid gnei 'S('S 

derived frn111 Llie l,"l·unile. Included in the formation are small or locul 
beds of sd1istosc basalt, djorite, hornblende schist and pegmatite 

"Keith. Arthur, U . S. Geol. Surv. Geo!. Atlas, Cranberry folio (No. 90), p. 3, 1003. 
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The granite is au igneous rock composed of <Juarlz and ortlrnclase and 
plagioclnse feldspar with biotite, muscovite and occasionally hornblenJe 
as additional minerals." It is described as varying from a fine, even­
g-raincd mass to a coarse porphyritic phase. It suffered great clianges 
duriug the deformation of the region which resulted in the production 
of schists and gneisses with a fairly uniform dip over large areas. "The 
results varied in extent from rocks with no change . . . to those com­
pletely altered into siliceous schists and gneisses . . . Thin parallel 
layers and striations composed of different minerals arc of frequent 
occurrence, and the most extreme schists bear no resemblance to the 
original rock." 

Detailed examination of the Cranberry granite in the area around 
Cranberry proves conclusively that the formation is complex. Its 
~1·eater part consists of granite, gneiss and schists like those described 
hy Keith, but in addition there arc present other schistose members 
which cannot he regarded as shcarc'd phases of the granite. 

The ore vein at the southeasternmost opening of Smoky :Mountain 
t~muky No. 1) at Cranberry is in Cranberry granite. On the hanging, 
or soulliwest wall, the granite is platy and is foliated with layers of horn­
blende gneiss and with others of a fine-grained light-colored gneiss that 
looks almost like a flow rhyolite. The whole is puckered and folded. 
l l'latc XVI, A.) As the distance from the contact with the vein in­
<'l'eascs the inter-foliated gneisses apparently become less abundant 
a11J lhe light-colored, coarse-grained grnnite liccomes more homogeneous 
and less schistosc, though it still exhibits schistosity several hundred 
~·:ll'lls from the contact. Certain ledges, however, show a porphyritic 
granite which in many places is sheared to an augen-gnciss. The 
l'ool-,rnll rock is not visible, but it is known that it also consists of 
Cranberry granite . 

The fine-grained, thinly banded light-gray rock ucar the contact 
that has been referred to as resembling a rhyolitc, when studied in thin 
s,·ction is found to be schistose and minutely contorted. It is so thor­
oughly crushed that little of its original structure remains. It consists 
110w of streaks of a very fine mosaic of clo11ga.ted quartz, orlhoclase 
and cpidote grains with here and there little wisps of muscovite which 
eun·e around comparatively large fragments of plagioelase, mainly 
oligoelase, that suggest shattered phenocrysts. In some instances the 
large feldspar fragments are crushed into numerous small ones forming 
au aggregate of the same form as the original fragment. Orthoclase is 
present in small quantity in the enveloping mosaic and to some extent 
as larger fragments, but it seems to have suffered more decomposition 
than the plagioclase and is difficult to identify. 

Specimens taken from points farther from the contact are not so 
thoroughly crushed. The epidote is confined to grains of plagioclase, 
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and is nol a eomponent of the mosaic enveloping the feldspar. The 
mosaic is here mainly quartz and feldspars with a few flakes of biotite. 

Still farther from the contact the feldspar is in larger fragments, 
some of whid1 appear to be phenocrysts that have been merely abraded 
on their corners. :Many of these have been enlarged by the addition 
of microcline, aud some of the same mineral has apparently developed 
in the crush mosaic of feldspar and quartz. Biotitc is a little more 
abundant iu the sections examined, but is not common. Epidotc is 
absent, exccpl in an occasional nest of grains in certain streaks through 
the mosaic wl1erc the crushing has been especially thorough. 

Througlwul all the sections there has been considerable regenera­
tion of feldspar and quartz. :Fresh microcline and fresh plagioclase are 
quite common in the interstices between the elongate grains of the mo­
saic and fresh clear microclinc not only surrounds the large cloudy 
plagioclase fragrncnts, enlarging them, but it also saturales their masses. 

These rod:s are very much like specimens of the lighter colored 
phases of the Cranberry granite elsewhere. For instance at the top of 
Smoky Mountain, southeast of the Smoky No. 1 opening, light and 
dark gneisses arc interlayercd. In thin section the lighter rock is seen 
to be crushed in the same manner as the rock near the opening. There 
are large frag111cn1.s of orthoclase and plagiocla:se, and lenses with plagio­
clase nuclei, smrounded by a mosaic of quartz and feldspar with an 
occasional biolile flake, running through which arc :streaks of muscovite 
fibers and of a line quartz mosaic. Epidote in grains and short prisms 
and in nesls of grains are scattered through the mosaic, and in many 
instances tltc larger quartzes of this mosaic exhibit strain shadows. In 
other places Lit(' light-colored gneisses resemble crushed rhyolite. They 
all contain a lilllc magnetite in small grains and more or less epidote 
which has evidently been derived from plagioclasc. The epidote that 
is in nests i.~ proliably the allcration product of grains of plagioclasc that 
are in theii· original position; the grains and short prisms are particles 
that have bce11 intermingled with other components of the mosaic by 
movements i11 the rock mass. 

Some of the layers arc entirely different from the fine-grained 
varieties that have been described, though nearly all show that they 
have been crushed and sheared. In most cases these processes have 
resulted in a lim~-grnined and banded schist retaining very little evi­
dence of its original structure. In other cases the crushing is less com­
plete and the rock is now a coarse-grained gneiss. Such a rock occurs 
on the road nnrning south of Shell Creek, Tenn., where there is a coarse­
grained biolilc gneiss streaked with pcgmatite. Under the microscope 
this rock is S\'Cll to have been subjected to strong :stresses, as almost 
every grain of ils quartz exhibits strain shadows. Orthoclase, micro­
cline, oligoclasc, and other undetermined plagioclasc are abundant. 

:-;1[,IC!cOlJ,.; MAU N!cl'ITE::i 47 

Qua.rlr. is suborr.li rw,l(' . The dark ·omponcnls an, brown mic:L, partially 
clmngl'd to )igl1 L- g;rn •' 11 ,Lmphibole, n.n<l a :mall q ua ntity of adJitional 
grc •[ amphibol • Lha t app •ar:s to h 1w(1 hcen derived from a more com­
pact amphibole or from pyroxene. 

The Cranberry granite is evidently a crushed and sheared complex 
of acid feldspathic rncks vary i11 g i, composition Lo sume ext nt, Ll1ough 
perha ps not widel y. Their lay ·ri1\g may 1.>e an ori gina l s~ructLLrlJ Ol', 

as is 11.orc 1i rolmLLe, it m.ay b • a sc ·ou1.fary result of s!tcn.ring. L1 some 
l.':t.~l 'S he :tlt rnation >f darker anJ li ghter l11yel's is due to Lhc int rusion 
of felclspathic veins, perhaps pegmatites, along their schistose planes, 
but in other cases it seems to be the result of shearing in a nearly homo­

geneous rock. 
With the 1igl1t-colorcd hLycr ·, which coru; tit11Le by far Lbc lnrger 

part of KeiLh's Cranberry grntiite, are also much more basic layers. 
'.\lost of these arc regm·dcd by K eith as portions of the Roan gneiss 
which have been intruded into the Cranberry granite, since they are 
much more common near the borders of the granite areas than in their 
interiors. The few specimens seen by the writer have suffered less pro­
found erw;hing than haYe the SJJ •ci111cns of the granite that have been 
~ludi ,J, but Lhis u1uy not be a general fact . In the very few thins c.tions 
c:rnmiucd the dtu·k fay • rs, while now very hLrgely am phibolitcs or horn­
blende schists nearly all retain traces of a gabbroitic or a diabasic struc-

1 nrc. 
Farther south, near the crest of Smoky :Mountain the form_ation con-

sists ol' co.arse-gmined and fine-grai11cd light rocks and finc-grnined 
dark rocks interhiycrcd , with here a.nd there layers of coarse p egmntite. 
Some of the f:ine -grairn.:cf Light rocks a re very much like lhe rhyolitc 
1·dc1Tcd to above in the description of the h,tnging iit mok')' No. "I. 

.\ltho11gh only small exf)<>s ures can he seen, 111,;verthcless the .impression 
is 1111 e:scupabl.e thal wliat K citlL e,tils LLc rnnherry gran.it is nn intrusive 
i11 a series of Lm~ic gnci~scs and schists. L1 uthcr wutds, Lh · imµression 
µ:,L ill l'll from a study of Lh ' rn1d 1crry gra nite a.rc·L i:s to Ll1c effect that 
I\'~' lia \'tJ here -~ repc.Li tion of the ·ondi tions th:it prentil in the magnetite 
di ,; Lri<·t in tli c liiglJauds of New Jci·sey , where :L series of dark l'cn:iic 
g11ei. ·scs ;,1.nd schists-ki1own as the l'oclrnck gneisses-were inlrudc<l 
pumllcl lo L11cie s ·hislositv by al kt.lie grnnites-the Losee a u<l Ily r a m 

gneisses. 

RELATIONS BETWEEN ROAN GNEISS, CRANBERRY GRANITE AND 
OTHER ROCKS 

The oldest rocks in the mountains arc interbedded mica schists, 
mica gneisses and fine-grained. granites which are grouped together 
under the name Carolina gni::iss . They are regarded as the oldest be­
cause very widely distributed in such a way as to suggest a mass into 
which all the more distinctly igneous rocks appear to be intruded. "The 
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Roan gneiss appl·ar.,; to cut tltl! Caroli11a gneiss, but the contacts arc ~o 
much metamorpl1osed that the fact cannot be proved. The 111\l'l'ow 
dikclikc beds of l lie former in the la tier support this view, as well as 
the fact thal I IH· diorites are less altered than the Carolina gneiss a11d 
so appear to I)(' .,·otmger. l\1orcuver, narrow beds uf diorite and l1orn­
blende-gneiss cul irdy similar to these cut the Carolina gneiss in a<ljuin­
ing areas toward the south."" 

The Roan g11ciss is believed to be older than the Crnubcrry grani le 
because, although lhe prevalent metamorphism of the region ai1d the 
heavy forest con·r make it difficult to obtain precise evidence of eruptive 
contact with llic adjoining formation, such contacts as can be seen 
show that tlil· granite clearly cuts into the Roan gneiss and the Caro­
lina gneiss. If ll1<: cutting granite is the same as that constituting the 
greater part ol' lhe Cranberry grnnite formation, this formation on the 
whole must be younger than the Roan gneiss. 

All the otl]('r formations, except the soapstone, intrude the Cranberry 
granite or inlrnd1· rocks that in turn cut the granite, and are thus re­
garded as yo1111gL•r tlian the granite. 

The s<mpsl 01a: formation occurs in 11111nerous ralher small areas 
scattered through l he areas oeeupied by the other rocks an<l is of little 
importance i11 l'ottnection with the non-titaniferous magnetite ores. 
The formation ('(>1t1prises peridotitcs, dunites and their alteration prod­
ucts, serpcnlilll' a11<l soapstone. Keith declares that the members of 
the "formatio11 break through and across the Roan gneiss and in some 
places are fo11ml ;is inclusions in the Cranberry granilc. Consequently 
the formation is l'oncluded to be of intenuediate age between the gneiss 
and the grani tl', allliough it is not markedly schistose. It is possible, 
however, that. 1111· pcridotites and duuites may be much youngt!r than 
the Roan gHL·is,; aud that the supposed inclusions in Lite Cranberry 
granite may lie it1 l rusions into the granite rat.her than i11dusions. If 
this is so the soapstone may he even much younger than the granile. 

ORE VEINS 

VEIN-FILLING 

The ores of all lhe deposits in the Mountain district arc granular 
mixtures of J>JTOXL' IIC, hornblende an<l magnetite or of magnetite, horn­
blende, epidote, awl quartz. The pyroxene and magnetite are usually 
cracked or sha l ll'n:d and the q uarl:r, is largely granulated. Tlte epidote 
where it occurs, is an alteration product of plagioclase. These rather 
low grade ores occur in veins from a few inches to many feet wide tra­
versing gneisses or gncissoid granites parallel to their scl1istosity. I'dost 
of the veins dip al high angles. In many places they swell into lenses 
several hundn·d feet wide and in others pinch to very narrow streaks. 

st Keith, op. dl. , p :.! . 
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l-'oll:d1cd &nrfac.:i • ur µOrt.hi ll or v i11- III Jlr1g-, •rn.nb rry mi'nu. C J'a 11twn·y , N. ~ .. 
Hhowl.ng- in tcrln y uri11 ;.; uf 0 1· • anti ~a_ng uc. 'l'lto dru·kC$li lm uds t1!'C hornlJl<~11dc. th u 
rnut.L l\'LI. UhLck a 111I g rn.s 0 11t~-; lapw. or hornbtcntlo lil!d m:u~11t:Ut ~ tntc 1·mln ~lc._<.1 (<!r •). 
thu tlarlt ,;ray on •s mJx t. Ut'('S o( hornhh;.tnrh., n nd omdnU!. t,he light i; t·ay t~l)lct ut11.cd 
fclfls).mr. itnd t hu w hi t.u ou l.'.!s t ttU LrL~ voln . ., . (N u.turtil s izu} . 
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The richer portions of the veins, constituting tl1c merchantable 
ore, occur as irrq.(ularly shaped mass<:s cutting through the leaner vein 
matter and swdling iuto lenses, that are usually joined by streaks of 
rich ore. No µ;t·neral statements can he made as to the relation between 
ore and vein 11-iatler that will appl)' to all deposits, since in most places 
these relation~ !'all 11ot be studied because of tlie very slight <leveloJJUWnt 
of most of tli(' dl'posits. Only in tlic deposit at Cranberry in AYcry 
County, N. ('., lia., 1:xtcnsiYc underground work liel~n <lone, and, con­
sequeutly, lll'arly all statements coucerning the nature of the ore and of 
the vein-filling a1ul Lhe relations of these to one another, must be based 
on observalio11s 111ade al the Cranberry mine, and all conclusions as to 
the origin of I lie ore must be founded on the facts noted in this mine. 
There is no reason to suppose that the other magnetite deposits in the 
Mountain dislril't arc any different from that at CranLerry either in 
character, assol'iaLions or origin, and, consequently, they are all grouped 
together as si111ilar. Only the deposit at Cranberry has been studied 
in detail. 

The veins in which the ore occurs comprise more or less banded 
mixtures of ]>l'g'lllalite, epidotic gneisses, hornblende schists and len­
ticular mass!'s ol' a mixture of hornblende and magnetite, in places cut 
by small vci11s of' magnetite. (Sec Plates III, IV and V. ) The mixtures 
of hornLlen<li- a11d magnetite constitute the lean ores and when cut by 
veins of maglll' lilc the rich ores. In a few places the magnetite veins 
are thick enough to furnish fragments that can be picked by hand from 
the run of 111i111, and saved for high-grade ore. 

The vci11s l'Xlcnd for variable distances. At Cranberry the vein 
has been t rac, ·d coutinuously for 6,400 feet and that on the Ballou 
property in Asl1e County, N. C., for at lcnst half a mile. 111 most places 
the veins arc located by but few cxpos11res and a very few openings, 
so that thci r k-11gl hs are undetermined, but usually the exposures- and 
openings arc. in lines following the schistosity of the rocks in which tlu~y 
occur, so tl1,1 I 11 l1l'l lier the individual veins are long or short they occupy 
zones which :1n, narrowly limited in width and which in some cases are 
several miles l1111g. The zone in which the Cranberry vein is situated 
is at least 2ii miles long. So far as is now known all the veins follow 
the structure ot' Llie country, which is the same in direction as that of 
the schistosil ,v of the rocks. They appear to be much more common 
in th g11ei.~soiJ grauitcs t.hun in t.h schisls of the n•gion, buL this sec! lll· 

ing pr •fcrcm:c for ihe gr::u1il may be due to the fa,·t thaL most of Lhc 
veins Urnt Jinn~ hccn studi •d arc in lHitchell, Avery anJ Ashe counties 
where the Cran berry granite or a closely allied gneiss is the pre-Cambrian 
rock that is 1110,;l widely exposed. 

PLATE IV, 

. _Polisht:'d sm•facc of portion of vcin-fllli1.1,;, rn.nl)c.rry nlluu , C'r: 1.-nUun·y, :N. C., 
:-;hu,~•111g- associaUon of ore with hornhk n(Jc. 'l'l.lo liKbti bn11cls <\l'U t,iJ1dut.Jz ud. pc,g .. 
1;1al1tl'S: the bluck n1incr:d iN llor.nhlcndo. lLHd t b g1·1iy one , i1l uho lower Jl~lrL of t. llu 
/ i:un•, 1s mn1,'l1ULltc. T110 mlxtur of ma1,'ltutil o aml ho1·nl)lcndu is tbu oru. At tJ.,o 
•ottom or thu figure Is n smull b.it of opid otc-b<,>Cllblilltdo l.(TlcI.,;s, (N11 t111·al s lzt: .) 



THE ORE 

The ore is a n1ixt11re mainly of magnetite a1t<l hornblende with minor 
quantities of q11arl11 , epidote, feldspar, gar11et, calcite aud a few other 
substances. .\ small <11rnntity of the contents of the veins may be 
hand-picked a11d shipped as good ore, but most of the material that 
can be mined cco110111ically is comparatively low-grade, containing about 
40 to 42 per c·c·n I ot' iron. The larger portions of the veins are too low-grade 
to enter the furnace and must be concentrated before it can be used. 

Since tit<· ( '. ranherry mine is the only mine operating on the siliceous 
magnetites its ore must serve as a sample of the ore of the district. In 
1892 the crnck ore taken from the mine analyzed as in column l, and 
after hand-cobbing as in column 2. A representative analysis of cobbed 
ore, selected by the chemist of the Cranhcrry Furnace Company, is 
shown in col1111u1 :l. 

.11111/ys,.,. of 1·,·11,/<' 1111d cobbt'd ore, (,'rcwb,·rry 111i11i,, .•1r<'fy C:01wl!f, N. C. 

Silica (SiO,_i . 
Alumina C\1,0,J . .. . .... .... . 
Iron (Fe) •. . . , .. . ......... , . 
;\,langa11<•sc- Pln) .... ..... . .. . 
Copper (_('u) . . . . .. . •......... 

Lime (CaO) . . . , , •... , , , ... , 
Magnesia (:\lgOJ ........ , , •.• 
Sulphur (S), .. 
l'hosp ho1'1 h ( I') . . .. . . .•.•.••• 

Titani11111 diu,i,k (TiO,J .• 

I :.? :J 
20 . U7 20.7~ 2j _50 

1 .55 
rn . U:I -18 . 57 -i-tL55 

. :H . 40 
.004 

10.10 1:1. 01 8.04 
l. i:l l.H 1.08 

. 02 .041 
Tr. 1)11!)3 . 0068 

.030 

Formerly Llie ore was coucentrated by cleclro-111agncts, but the 
proc,• .;s employed was not s,ttisfactory and it ··ras abandoned. In 
1!)20-i:n the ore wa;; shipped direct to the furmu!c. This, however, 
resulted in sud, a large loss of material that measures arc being taken 
to develop a clteap ,md efficient method of concentrntion Lhat will save 
much of the rn,1g11dite in the crude ore that is now being wasted. 

A sclecled sample of the Cranberry ore was analyzed by lVIr. J. 
G. Fairchild or t lie U. S. Geological Survey with the result shown on 
page lC2. There was in it no V,O :i, Cr,O,, BaO, SrO, or F. An analysis 
of a selected sarn ple of the Peg Leg ore (page 127) gave similar results. 
Both ::rnidyses sltowed small quantities of MuO and of TiO,. They 
diffor from a11al_yses of the magnetite from the gneisses in New Jersey 
in ,;}1,rning less TiO,, no V,O, and no F. · 

The ore fni111 different portions of the veins presents different as­
pects. The greater part consists 111ainly of hornblende and magnetite, 
but in ,L few places pyroxenic ores are found and in other places ores 
containing large quantities of garnet. 

One type of ore is represented by that of the Kirby mine in Ashe 
County, N. C., aud of the Peg Leg mine in Carter County, Tenn. These 

PLATE \' . 
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Pvl.i.~hcd sur-Caccs or l..WO ~>ccin1uµ.s of pc1,trnati~u anti ore.:. _.rro~ _ v,ufn, :tt ?rn:n­
l)crrr mlnu , Crn.nhorn', N . 0. Tho wlntu I• f~ ldspar p:c~Mally· •p1d0Uzc!1_ (_lfg!it-_?rry) . 
lh~ b lack Is nornhleuilo. ::uid t he d.u·k grny n111g11udt.,. rhu mn~nutlw '" "'""'~" nt1• 
mutt,l )' nssoclatcLI with tho hornbltmdo. Tllo n1:L"" i.n "tbu lo,wcr lc(t-ltu.ud ~Orner o~ 
fJoth st1t .. tlll1.e.ru; is 'rich ore.• I a iih.u lower spocltucn ex tuns.mus of _tho hn1 nblc:nde 
m1Lsn0Uto rnix~uru appear to have pon,1u·atud thu 111, f(mutltu. (Natural ,rlze). 
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ores consist mainly of green pyroxene and magnctitc:-the formcr-'..iu 
large anhedrons that often possess smooth curved boundaries. (See 
Plate II, B.) Tlwy arc slightly pleochroic in green and yellowish-green 
tints and are crossed l,y many cleavage cracks, by the diallage parting 
and by many irr('gular fraeturcs that arc filled by quartz and calcite. 
The magnetite is in irregular masses between the pyroxene grains. 
Where magnetite is not present its place is taken by quartz or by quartz 
and calcite togl'lher with a few fibers or ·wisps of uralite, and an occa­
sional grain of cpidotc, all of which appear to be secondary. In the 
Kirby mine ore the pyroxene encloses a series of very fine needles and 
plates, like the rntile needles and plates often observed in the augitic 
component of basic igneous ro<:ks. In this ore the magnetite and py­
roxene are cracked, as in the ore of the Peg Leg mine, but the cracks 
are filled with Yeins of a mixture of granular epidote, magnetite antl a 
little uralite. 

In the second type of ore hornblende and magnetite are the most 
prominent components. Usually the two are uniformly intermixed, 
but in some cases the magnetite is scattered as tiny grains through the 
hornblende (sec J>]ate V), and again it occurs as little streaks (see Plate 
IV) and lenses i11 Lhc midst of a granular hornblende aggregate (see 
Plate VI, A.) :\s the ore becomes richer in grade the magnetite is seen 
to become more ,11Hl more abundant and the hornblende naturally less 
abundant uniil i II Lhc riclwst ore of this type the mass is a fine-grnincd 
aggregate of mag11('[ ite grains 1 mm. and less in diameter, with here and 
there a grain of l111r11hlcndc, a rare grain of epidote, an occasional grain 
of quartz and liult, nests of calcite. A few white sugary cruartz veins 
run through tl1e 111,1ss and there is in it a, very obscure schistosity. In 
many cases when· 1 l1c schistosity is a little more marked than elsewhere 
the more highly ,·111phasized structure appears to be due to magnetite 
which is much ,,..,,.,. aliund:Lllt in certain layers than others-either as 
many little lens,·~ ,·111bcdded in sparse hornblende or as numerous grains 
that are scatten'd I l1rough the hornblende in some layers, while entirely 
absent from oth,'I' layers. 

Where the ow, are layered all the components arc elongated in 
the same dirccli,11, as the layering. This emphasizes the schistosity 
produced by the ('otwentration of the magnetite in definite layers. The 
magnetite is in l1111u;, thin, ragged pieces, many of which are fractured, 
and in small grai11, which in most cases look as though they had been 
broken from thl· la, /.;er ones. The mass in which the magnetite is em­
bedded is a very s, ·1,i.,l:ose matrix of malitic hornblende, wisps of brown­
ish-green biotik, .111d a little calcite and quartz. (Plate VI, B.) The 
quartz and some oi' I lie calcite arc in veins that extend in the direction of 
the schistosity, a11d in the few sections studied the calcite veins are in 
the layers in whi('lt Lite magnetite is most thickly concentrated. Calcite 
is also scattered I I, rnugh the entire section, Lut it is more abundant and 

l'LA'l'E VI. 

(A) 

(JJ) 
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in larger grains in the layers in which magnetite is also most abundant. 
In these layers uralitc is not couuuon. The mineral, howeYer, con­
stitutes the principal component of the layers between the richly mag­
netitic layers. Its fibers are all elongate in the same direction. Asso­
ciiJ,ted with them are a few wisps of biotitc and between these arc little 
nests of calcite~. Scattered through this aggregate arc the small grains 
of magnetite already mentioned, and these are nearly always arranged 
roughly in lines. 

The biotilt' is the only component that does not orient itself with 
the schistosity. While most of its fibers in the hornblende lie parallel 
with the hornblende fibers, many others cross these perpendicularly 
and often extend into calcite grains. Evidently the biotite was pro­
duced after the ore had attained it!:i schistosity. 

The layers rieh in magnetite are not sharply separated from those 
in which magnetite is present in small quantity only, nor are the mag­
netite lenses embedded in hornblende sharply separated from the sur­
rounding material. The portions rich in magnetite grade into those 
containing little of this mineral, and in many cases it is impossible to 
designate in hand !:ipccimen!:i any definite lines between them. The 
relations of the 111:1gnctitc to the hornblende suggest strongly that a 
schistose hornblende rock l1as been impregnated by magnetite and that 
the result i!:i a magnetite-hornblende gneiss analogous to the impreg1ia­
tion gneisses so ('OJlllnon in areas of old rocks. 

A third variPl_v is a massive or slightly schistose garnetiferous ore 
that is found at different places in the veins, but more frequently near 
their borders or ucar pegmatite masses. (Plate VII) A slightly schis­
tose phase from Smoky No. 2 opening at Cranberry is fine-grained and 
granular and in the hand specimen appears to be composed of little 
grains of niagnelite and red garnet and between them a little chlorite 
or hornblende and tiny ne!:il!:i of calcite. The thin section shows the 
ore to be a mixture of green pyroxene, epidote, magnetite crystals and 
groups of crystals, large grains of calcite, irregular mas!:ies of pink gar• 
net, spicules of uralite and little nests of calcite embedded in a fine­
grained mosaic of quartz and cal<:ite. The or,! has evidently been 
crushed and recrystallized with the production of garnet, epidote and 
11ralite as new minerals. 

The uralit<-, epidote and caleite occupy areas in the slide that were 
originally occupied by pyroxene and the garnet fr~quently forms a wide 
border around them. \Vith increase in the epidote there appears more 
and more calcitl'. The pyroxene broke into a lot of di!:iconnected small 
areas and was changed to an aggregate of pyroxene, uralite, epidote 
and calcite. 

The garnet is in small irregular and sharp-ed~ed grains in the quartz 
mosaic and in borders around the pyroxene and magnetite. The mag-

PLATE VII. 

(,!) 

(B) 

( : I) Photomicrograph of garnctifcrous magnetite ore from S_moky :-,o. ~'. Cran: 
berry, N. C. c =c:tlcitu. 1, =ga.rnct. h =homblcntle. q =quartz. Black 1s mag 
net1tc. Ortlinary light. X50. 

(B) Sa.nm as A. Dctwccn crossed nicols. X50. 
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netite is in large ragged masses that arc often cellular and in numerous 
small crystals and irregular grains scattered indiscriminately among the 
other constitucnb. The large masses have a general elongation in one 
direction, imparting to the ore the slight sehistosity noted in the hand 
specimen. :Many of the small grains appear to have been broken from 
the larger masses. 

The three va1 ieties of ore described all show distinct evidences of 
crushing and consCljUent metamorphism. The first variety is least 
affected. It is a pyroxene-magnetite aggregate that has been minutely 
fractured and in wliieh the pyroxene has been partially uralitized. (Plate 
II, B.) The second variety CJlihibits a greater degree of metamorphism 
in that the pyroxene has completely disappeared and has been replaced 
by amphibole aml at the same time the whole mass has be come schis­
tose and possihly more magnetite has been added. (Plate VI, B.) 
The third varieties differ from the other two in the possession of garnet. 
(Plate VII.) As I lie garnetifcrous varieties are localized in the vein it 
is probable that for the production of the garnets the addition of some 
constituent was 1wcessa~·y that had not been present in the original 
pyroxene-magneti ll' mass. 

In a fourth Yaricty of ore an enrichment in iron has been brought 
about by a later ,·u11trihution of magnetite in the form of veins that 
cut the lean ore. These veins vary in width from a small fraction of an 
inch to several fr.-t. With increase in their number and thickness the 
lean ore rapidly ,.11,,nges to a high-grade ore, the highest grade being 
that of the thick,-r veins. In some places these arc wide enough tc 
furnish fragmenls i l,aL can easily be scparate<l by hand from the run of 
the mine an<l sa,·,·d ror a special grade of the highest quality ore. The 
material of thcs(' , , i 11s is usually a mcdiumly coarse-grained aggregate, 
composed entire!., ,,r magnetite. The grains have average diamekrs 
of about a quart,, or an inch though many of them are much larger 
than this. The.,· " ' ,. black and ha, ea brilliant luster, in which respect 
they are <listincll_,· ,lil"fercnt from titaniferous magnetite, which has the 
color and luster or ,!eel. It is this variety of ore that was analyzed by 
Mr. Fairchild. \ ~,·(' page 102.) 

THE GANGUE 

The only pl:1,-, . in the district where the ore vc111 can be studied 
in detail is at tlw ( 'ranberry mine. Herc there arc immense dumps in 
which the many d I l"kren t kinds of rock occurring in the vein are repre­
sented hr exccl1"1 ii specimens. l\ioreover, on the walls of the large 
open pits the rel a I i1111s of the rneks to one another are well displayed. 
At no other placl' a1'\' more than a few square yards of the vein exposed 
to view, thougl, "I many places, especially in Carter County, Tenn., 
there are large d11111ps around the openings of explorations. As nothing 
was seen at any or I hese dump,: that was essentially different from the 

!'LATE VIII. 

(A) 

(Ii) 

(,\) Pcgmatitu (Iii;llL). and ore (dark) in wall of open cut, Cranberry mine, 
Cranberry, N. 0. 

(IJ) Yo11ng-c1" lWJ4"1llaLilc cutting irregularly across ore vein in 'Teegarden 1ninc, 
near Shell Creek, Carter County, Tenn. 
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things seen in specimens on the Cranberry dump, it was assumed that 
the veins arc everywhere the same, and attention was directed mainly 
to the Cranlll'rry occurrence. 

The vein at Cranberry comprises a plexus of rocks in the midst cf 
which occurs the commercial ore as a series of lenses, which so far as 
development has gone, appear to have no pitch. The plexus is cut by 
pegma,tite and by veins of almost pure magnetite. The pegmatite 
cuts irregularly through the vein plexus twisting and turning in a com­
plicated way and gradually fingering out. In some places it encloses 
lenses of ore and in others lenses of coarse, green hornblende. In places 
it cuts comparatively cleanly through the other rocks (Plate VIII, A), 
often with only enc sharp wall, rarely with both walls sharp. Usually 
the walls are indefinite-the pegmatitic material grading into gneiss, 
so that frequently there is a little seam of gneiss between the pegmatite 
and the rest of tlie \'ein matter. 

The main portion cf the vein, aside from the horses that occur in 
it and the vciu~ of pegmatite and magnetite in it, consists of masses 
of hornblendt•, or of hornblende and magnetite, of hornblende and 
epidote, of epidolc and magnetite, or of epidote and quartz, with occa­
sional small quantities of mdybdenitc." All arc slightly schistose 
parallel to t 11< · ., I rike of the vein, and some of them are well-defined 
gneisses. E ,;p, ,· i;illy is this true of the aggregates containing epidote. 

The cpid11k which is so ahundant everywhere is apparently an 
alteration of f, 1, 1, par. Some specimens show a continuous gradation 
from one rni11,·1 ;iJ to the other. Others show a graphic arrangement 
of quartz and , 1,idote identical with that exhibited by quartz and feld­
spar in grapl, 1, · '..(ranite. Others show veinlets of epidote extending 
from large 111;i ",.,; of pegmatitc into adjacent rocks like the ordinary 
veins of fekb1 ,,, 1· .,o frequently found radiating from pegmatite masses. 
In rare cases · , ,11s of epidote and quartz pass into veins of magnetite 
along their sl r d .,·,, apparently indicating that the materials of the two 
were introduc ... d ;ii. the same time. That they were once part of the 
same intrusio11 i, indicated also by the fact that epidotc and magnetite 
are everywhen · ,·l 11sely associated. 

The nw/.'.11,· lilc is closely associated with the pegmatite.· The 
miners dcclar,· 1 l1at the richest ore is always near pegmatite. (Sec 
Plate V.) Tlw lll'gmatite and magnetite veins both cut the lean ore, 
which is the 1111.d urc of hornblende and magnetite referred to abo\'e, 
in the same 11 "·', and magnetite impregnations extend from the walls 
of the magnet i I ,• n~ins into the bordering rocks, causing an enrichment 
of these, aud "1, 111g rise to magnetite gneisses. l\iloreover in many 
places magnel i I ,· forms a constituent of coarse pegmatite, exactly as 
does feldspar, '111artz and homhlcnde. It has the same shapes as the 

nunpublish Pd 1· 1 port IJy S. H . Hamill.on to 'fenn. Ge ol. 8urvoy. 
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other componenls and the individual grains, when not aggregated, are 
of the same siir,t•s as the grains of quartz, hornblende and feldspar. More 
frequently, l1011·t·ver, the magnetite forms groups, either alone or with 
hornblende, a111I these constitute lenses in the pegmatitc. There is a 
strong tcn<lcnt-y for the hornblende and magnetite to oecnr together. 
They appear lo be among the last components to separate, and often 
they occur in grl'at masses forming the lean ore deposits. It is probable 
that the magnl'l i le separated in twe stages, of which one was contem­
poraneous, or 11early so, with the great mass of the hornblende, and the 
othe1· was distinctly later. ·where the two minerals ocetu· together in 
the lenses tlte liornblende is a.pt to oceur on their borders with the mag­
netite in their centers, and where arms extend into the surrounding 
quartz-feldspar mass the main portions of the lenses may Le composed 
of magnetite or a mixture of magnetite and hornblende, while the ex­
tensions consisl <·11tirely of hornblende. 

PEGMATITE 

The pcg111,1tile in the vein mass contains very little quartz. In 
some cases it i ., l!l'arly all feldspar and in others ncitrly all hornblende 
or hornblcud,· ;i11tl magnetite. (Plate IX.) The fresh feldspar is very 
light pink. .\ ,•;, r its borders, however, and wherever i L is in contaet 
with homble111J.. it h:ts become cpidotize<l, so that. in places it is composed 
mainly of ligl,t :-;r,•t•n epidotc and dark green hornblende, or a distinct 
gneiss compo"·d 111' the same two minerals. (See Plate IV.) VVhere the 
pegmatitc ha~ l,.-,•11 sheared ·without cpidotization its feldspar is crushed 
to a sugary 11,:i ,., I liat is saturated with quartz. The crushed material_ 
forms layers 1·, . .,,,, one-quarter to one inch in thickness, separated by 
very thin la:- , , 11!' hornblende along which the rock breaks easily. 
Evidently soi, .. · lhe gneiss in the vein is crushed pegmatite. 

In thi11 "'' 1,,,ll under the microscope all of the pcgmatitcs arc more 
or less eomplt- 1, ·1,,· metamorphosed augite syenite varieties, that have 
been subject,·, I 1,, deformation processes. Their plagioelascs, whieh are 
oligoelasc a11d :i111lt-sine, are shattered and craeked, and their twinning 
lamellac are gt· 1, 11.,· l'll rvc<l or arc bent into sharp angles a L cracks which 
cross them. '1'l11·1111ghout the feldspar epidote particles are common. 
(Plate X, A.) 'l'i'H"Y appear in individual crystals or in groups of grains, 
but the mi1ll'r" I is most abundant near the contacts of the feldspar 
with hornbh-11.i, "r urngnetite. At such contacts the feldspar is entirely 
replaced by cpid"I e, and this is also the case in feldspar which has been 
broken into sni:ill fragments. Between the feldspar graius is a mosaic 
of quartz aH,i ' J'n·sh, untwinned feldspar, with an occasional grain of 
microcline a11d 111'len grains of epidote. The consitutents of the mosaic 
frequently po~·"'·'' a parallel elongation. Here and there are areas in 
which a few br:e1 · 11uartz grains arc observable. These perhaps arc the 
remnants of u1 i_c;i11:d quartz components of the pegmatitc, since they arc 

...... :-· 
i: ~~ ·_;. :::t_-i~: 

.;~ r , • 
I I 

-·_,(. 

• I 

(A) 

(BJ 

PLATE X. 

Cr; 
1 

L,(~\ ~ . .l!~1otpm~c.;_ro~ru11h ur upidoUzml J11;gm;lb~tc i~ vctn-fll_ling. Cra1ibcrry mlii~ 
tho l {,yr~>,.~ . C,. I. ho dnrkor i,Jrny m.O..j.S~ aro upJdot1zcc.l plu_g-wc laso frngmonts and 
li~ht .Jg lJ'd{J~Y Ono.~ g ,·m1ular {[tl.aJ'tZ. The hrwkg1·ound reJJrc;ionts voids. C>rdfnriry 

CrrnJFJ) PNhot~'truJ or~l;;n1..p l.1 uf p~rruxun~-m~gnutiito pogma.tito, Cranberry minu 
I' .'._ . crry, . "· E =cpld!ltu. l~L> • 0Jlldot1zod fQldspar. H =Ur:tl!Lic amphibolc 

-pale green amphihole wlLh r,,yroxunu uuclul. Ordinary light. X:lO. • 
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always diviJcd into differently oriented sectors which show wavy ex­
tinctions, while the smaller components of the mosaic arc homogeneous 
throughout and extinguish sharply. In some places, more particularly 
in the triangular patches of mosaic between several neighboring feld­
spars, are small masses of calcite. Since these show comparatively few 
twinning bars they are inferred to be secondary. 

The hornblende, which is present in nearly all specimens of the 
pegmatite that have been seen, is apparently all secondary. It occurs 
in large compact masses that are partial pseudomorphs of pyroxen~ 
and in plates, fibers and acicular crystals, either forming groups or oc­
curring as individuals scattered through portions of the quartz-mosaic. 
Within the large compact masses there are often remnants of a partially 
uralitized pyroxene which is slightly pleochroic in yellowish green tints. 
(Plate X, B.) This is surrounded by a zone of compact strongly pleo­
chroic uralite, and around this is a border of spicules of the same uralitc. 
Many of the pyroxene remnants, like the feldspars, are fractured, and 
into the fracture cracks quartz or quartz and epidote have been forced. 
The compact hornblende which is not demonstrably derived from 
pyroxene is in large crystals that have the sieve structure characteristic 
of minerals of metamorphic origin. In them are numerous quartz and 
epidote grains allll occasionally little nests of calc-itc. Scattered through 
the hornblcuJc in scycral sections are the small !'egularly arranged platy 
inclusions chara<·teristic of diallage in gabbros. The greater part of the 
hornblende, l1owever, is a mass of small crystals and fibers intermingled 
with small ([ uarlz grains, a few tiny grains of epi<lote, and little nests 
of calcite. 

GNEISSES 

The gncissl'S • that constitute such a large proportion of the vein­
matter arc for the most part medium-grained schistose aggregates of 
epidotized feldspa!', hornblende and a little quartz (Plate IV), in which 
the pencil struclure is prominent, or of fresh feldspar, quartz and mag­
netite. There is no reason to suppose that the magnetite does not 
bear the same relation to the other components as does the hornblende, 
or as docs any femic mineral in any olher gneiss. l\Iost of the gneisses 
in the CranlJerry vein-mass (exclusive of that forming "horses") are 
believed to be igneous rocks closely related to the pegmatite, and their 
structure is Lhought to be the result of crushing and recrystallization 
under movement in the plane of the vein. 

The sections of all the gneisses of this kind that have been examined 
shc:iw the same features. In one place, where the gneiss grades into peg­
matite, the gneiss contains distinct layers of lean ore, consisting of horn­
blende and magnetite, that apparently bevel the foliation of the gneiss 
at~ low angle. In the hand specimen the lean ore-layers and the gneiss 

PLATE XI. 

JI 

(A) 

(B) 

. (,l) l'hmumicrogmph of c pidoLo-hornblonda· gn~Lss Vein-filling, Cranl>er,·y 1~1.u~~• \~rui1L>urt'.f, ~. (.;_ U = g-ui•nuti. H =ho1·nh hm-du ." 0 =calcite. P = plagio-
clasc. E = ·1,l<Iuu, . Q =qnartz. Onll.n:u·y ll)lhL . XfiO. 

(H) Saine as A. H:~twcl'n crossod nicols. X50. 
I ... I 
1,Ml 



66 MAG1"E'J'I(' rnox OHES 01-' K\H'f ' l'J,: NN. AND "'E:-.TEIIN N. l'. 

appear to lie ti ght ly frozen, liut they easi ly break apart revealing slic:kcn­

sided fractme surfaces coated with chloritc or uralite. 

lnJcr l la,· 111 i<"roscopc t he gnt\iss i: s' n lo cuns.is L vriucipally ,,I' 
pnrall I flal k•ns ... ~ of 1-(l'nnular cpidolc and Jcl<lsJlar ulHI olhers ol' urulilc 
tUIU quur z H!id l'ehl sp;ir. 111 aJdilil;:!i 'llic-n· ar a r ·w •OfllJ>lll'Hlin,I_r 
large lenses ol' kldspur wiLl1 many ti11y crystals f cpi,fotc sea tlcr,·cl 
tl1rnugh tlu.: 111 . _Th est· arc ·11"1 l,y q U,Lrl¼ 'l'einlcts pnralld lo lh • gencrnl 

schistosity. · 
Anolii(•r s,·1· lion of cpidolc-horlllJlcnJ · gnei..s gmdi11g i11lo l'clJ: p1u·­

hornblen<ll' g tlt'iss is n J11nss of fr:.1:.;-uwul ,; nf pla.giodas , udosing epidol:c 
gm ills, urnl 11,·sls ,,f cu lcile in a matrix \JI' slllall ' r fra~111 ·nls of feldspar, 
1mLrtz 1:,•rai11s. liurnlilenclc flakes, grnins ()1 epi<lote and 11 s ls uf ca l,·ik. 

i\"I uc.h ol' I It,: 1•pidole is iu very small ·oloril•ss gran11I •s S{':t l ten•d Lhrnu;.:h 
fclcls1 ur, quul'l;r. :111d c·akile indifJ ' I' •11Lly; but tl1cr • are ;ilsu large 111 :L-;sps 

uf a yclluw-!-(r•·••11 ,·:irie t;v asso<:iat·<l wit.It Jiorublen<l . A r,•w grains of 
mHgnctite :rn• also present, a.nJ on<' ol' tl 1t•sc is surround<'d 1,y l,:11cuxenv. 
MusL of tlu.: pl :1gi11dns • i c·liara<:Lcriz1'u by bent Lwinuinp; l:,m •lla1•. 

(fee Plate XI. 
Ot Ii •r g111•i,-~ t·s arc c·lcarly injc ·Li<,11 gnriss 0 s . (~t· • Plalc IX) 

'Il1i.J1 layers or p, ·gu1n.lit • arc inlcrlaminalcd with Lliin layers of hur11-
lilcnde nud mag11dite. The pcgmalitt! appea1•s Lu hnvc inlruued. 1~ 
,·e:.J1islosu l1 ornlil,·1Hlc iu liLLI<! v •i.t1s .u1d ·t,-iugers, aU rnnning in t he s:1111c 
gcnernl din:diu11. lwl in a few plac:cS crossi ng lilllc slreaks of tin· horu­
blcn<litc .ind smronmling liLtlc iRlands of tl1' rock. Sonic uf the lay1:rs 
of pcgmalill' art· n·ry LHll"J"U\\' (from .1 to .01 inch, lrnL they ha\'c a 
fashion of swdllnl-( into hm:es half 1Ul in ·It wide, forming Lhc wcll-kn11w11 
augcn of a11]-(('ll g n, ·isscs. l\Iauy uf the narrower streaks 11.u<l .thc snutlh-r 

lenses ar • now 1·11111poscd enti rely uf 1:pidotc. 
.1\11 tht• g 111•isses studit•d :u·e dirccUy or indirc<:tly Lit· rc.sull of ddor­

lltnlion, ex<·l'pl. pcrh:q,s, llm "'1wgen g 11 ei s" wu.ich rnay hn.vc bct•Jl I li l' 
r •su1L of i11trw,iuu~ inlo as ·l1i:sl. HuL •vc.n in tl1is t he intruding 111:1s~ 
has suffcrul 1•rn;,l1ing, sinn.'. tl1 • tiuy slrcaks of feldspar .u1tl cpi<lolc 
that uc>W n ·pn·s1·11l ti,• pt·gurnliL, arc 1·omposed of lil t.I <.: cpid,Hc cryst:Lls 
mingled wi ll1 Lh l· 11l- lH•j;; of s lw LI •1'(\d plagiodusc. (Sc· }'lalc XI, B. ) 

RELATIONS OF THE RO\'.::KS IN THE VEIN-MASS 

Tltc n• l:11 i,,11 of l lac 1><•gn111Litc to th• coarse horuhlcndc n)a.i,scs in 
lltc Yciu is tl11lit"11I I lo determine. fo some sp ·cUllctlli Lhe pcgurntili: 
ap]) ars to lw older lhan Lbe hornblc11llc roek, bul in 111osL pla(·~ it i, 
later. It. intrudl'S lire homlilcnde in <lislincl <li.kos au tl littl ' slrlllJ!'t'I'., 
al! runnut !-( i11 til e same dir • ·li< 11 for111i11g a gneis · l'lalc IX aud ii 
al.so' ero:;.-;cs littl e slrcaks of tl1 · l1o!'llhl ndc and surro1111ds lilllt· islautls 
of th.is Ulint•rnl. 'l'l1 , gross u~pt<·t of S)lt\t·ime1L,; showi.ng these rd:tlio 11

, 

is that of au i11jl'dion gneiss. 

Sll,lCEOUS ,\1.-\UNETI'l'E/S (i7 

lH I he case •>f l he cpi<lotc-hor11Llende-magnctite gneisses the horn­
blende a1ul 111a:.:11l'lilc appear to be contemporaneous, but distinct, and 
<lcfi11ile l:~yci:s of magnetite mu.I hornbleude cut across the sch istosity 
of the gneiss 111 such a way as to leave no doulit tltat the material of the 
gueiss is the ol<ler. l\forcover veinlets of magnetite cut the gneiss as 
do also little veins of quartz. In other places almost pure ma•l'netite 
sends tongues into cpidotizeJ pegmatite. In most places there is: little 
layer of l'.m·nblende between the cpi<lotc and the magneti tc in the tongues 
and not rnfre(Juently the magnetite plays out and is replaced by horn­
blende. 

_1\-f~ch of_ the gneiss is unquestionably a mashed aud sheared peg-
111al1tc m wluch the feldspar has been ultered to epidotc and the augite 
lo hornblende. Some of this originally contained magnetite. The horn­
hlenJe and magnetite that cuts this gneiss is plainly a later intrusion. 

Tims some of Lhe pcgmatite is later than some of the hornblcnJe-
111:1g11l'lile aggrcgaks lltat constitute much of the lean ore and some of 
the _hurnblcn(!e a~<l mag~1etite is later than some of the sheared peg-
111at1tc, 110w fcrmmg gneisses. 

. The rel_ative ages of the less gneissoid pcgmatite and the less gnciss­
md magnetite and hornblende is not known. Probably they were con­
!''BIP<'.rnneons in the sense that they were the result of a continuous 
Uttrusive JH'OCCSS. 

AGE 

. Tht• most s~riking feature of thin sections made from ore and gangue 
1s the gra11ulal10n of the quartz anJ the feldspar. In many too tl . . , , 1e 
111:ignctitc ~nuns arc broken and their parts separated. The amount of 
<'ruslii11g suffered by the constituents of the vein is even "!'Cater th·in 
lltal s11ffcrc<l hy the surrounding granite, if one may jud~e from t}ic 
:1)'1!t'arance of the thin sections. This is directly in . oppc)silion to 
l\1•'.lh 's " view that the deposit was made after the deformation of the 
1·•·~11111, and Jou!{ after tl1c nclosing gnlllite had been made sehislosc 
hct·a11s1• lhc miucrnls c mposi.llg tlte ore und gn.ugue "iu·e only sligh tl; 
1·n~sli •d and rc:trra11 gcd although Ll1ey are the sumc varicli · wl>ieh in 
:ulJaccnt formatious show the greatest metamorphism." 

Keith did not latve the aclvantngc of a study uf thin se •Ljons of 
lh~ ore ,mtl g:u1gu •. Because he found no evidence of crushing in LL 
,·cm nr I I d I I e - 1 '. 11g: 1c cont: 11 l L mt the n :in c~ulJ not have been earlier L] 11111 
lite 111:guuung of l\J •s zoic Lime. 

.. The microscopic ·tudy of the ore aucl gangue shows UJltl tlhi \ t•in­
hllll)g suffcrl'd a great amount of 111cta111orphis111 . It was ·lte,Lrcd 
erushccl ·wd l U f . . . I ' • '. 11 ·ar y a o its or1gma components were altc•rc<l. Con •e-
qu,•ntly 1L n ·t I b · I d · I d f · IU,; 1ave cen mvo vc m t 1e e ornrntwns that took place 

"Keith, Arthur, U. 8. Gcol. Surv. Goof. ALlas, U.S ., Cranberry folio (No. 00), p. 8 , l!lOJ. 
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before the beginning of Mesozoic time. l\'foreovcr, as there arc no veins 
of a similar character in the Cambrian beds of the district, nor any peg­
matitcs in tl~cse beds, so far as is now known, the vein is probably pre­

Cambrian in age. 
ORIGIN 

Since the Cranberry vein was believed by Keith" lo have originated 
in Mesozoic time, he was compelled to find a source for its material 
that wns effective in Mesozoic time. This he believed to be at ltan<l 
in the Bakersville gabbro to which he had assigned a Mesozoic age, 
because it seemed to exhibit no schistosity or other deformational 
effects. It seemed to him probable that the vein replaced an igneous, 
diabase-like mass that intruded granite, and that the ore was "due to 
alterations begun by the gabbro intrusions." However, since there arc 
no " laler i1tlrusious" of gal,hro or diabase in Ashe County where mag­
netites similar the the r;ulherry magnetites occurs, it is unlikely_ that 
the ore in this region c;an luwe l>ecn p-ro<lucccl by the process outlinc<l. 
Mr. KeitlJ thought that th -• irou in Ash Couuly may have beeu di;;solvli<l 
from the Hoan gneiss through which the mineralizing solutions must 
have passed in more than one epoch. 

Since the study of thin sections of the country rock, the BakersYille 
gab bro and the vein-filling shows crushing in all cases, there appea~s to he 
no compelling reason for correlating the vein with the gabbro, nor is_ there 
any reason to assume that the vein was produced by the alteration '.'f 
some pre-existing dike. It appears much more probabl~ that_ the ,vcm 
originated in the same way as did the numerous pegmat1te vems of the 
district, -i. c., that it was forced into the country rocks by the same 
agencies that caused the intrusion of pegmatites elsewhere. _ . 

The relations of pcgnrntite, gneiss, hornblenditc and mag~ct1te_ Ill 

the vein suggest that they are all parts of a contemporaneous ~ntrus'.0 11 

that took place before the general deformation of the mo~1_1tam reg10u 
was conclud1~d. The intrusion was apparently a magnet1hc p~roxcuc 
pegmatitc, followed later by an int~usion of. py'.·oxene-magnet~t_e -~nJ 
finally by one of magnetite. Accordmg to this view the magnetite: or 
North Carolina originated in pretty much the same way as those of New 
Jersey. In the northern State the iron ore was brought up by pegma­
tites that were differentiates of some igneous mass beneath. In holli 
States i11 Lrnsions of less siliceous ferriferous magmas, producing pyrox:nc 
pegmatite and magnetite, followed more siliceous magmas producing 
quartzose pcgmatites and were themselves followed in the last stages of 

l · h t d 't d en and 111'1g· the intrusion by magmas or so utions t a epos1 e pyrox e. . ' 
netite and finally mainly magnetite. The source of the liqmds 1~ nol 
known, but they might well have come from the magmas that ~urrnsl_icJ 

· · d l I · 'll · t • · tl1e l~oan g·ne1ss scric,, the gahliros, dwntcs an ot 1cr Hts1c s1 s, e c., 111 •" · 

u~Idc1n., p . S. 
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which may not have antedated the Cranberry granite by any great 
length of time, or they may have come from the magmas that later rose 
as Algonkian volcanics and brought with them iron compounds to form 
the hematite-magnetite ores (page 244), of Buck Mountain, Carter 
County, Tenn. According to this view the magnetites in the Mountain 
district belong with the injected pneumotectic magmatic deposits, re­
cently defined by Lindgren." 

UTILIZATION 

The availability of the magnetite deposits depends upon their 
ability to furnish to the furnace at a reasonable cost a large quantity 
of ore with an iron content of 40 per cent. or more. There are many 
deposits that will supply small quantities of such ore, but, as will be 
noted by reference to the description of the ore veins (see page 48), 
the expense of selecting it in the mine would be considerable. So far 
as is now known there are no deposits in western North Carolina or 
East Tennessee that could be made to yield a continuous supply of 
such ore to even a small furnace. Most of the ore is of lower grade than 
this and must be concentrated to be of commercial value. The Cran­
berry mine is now sending to the furnace ore that is of comparatively 
low grade, but even this is hand cobbed to some extent. During the 
last three months before the mine was closed the direct shipments from 
the mine to the furnace averaged: 

September . , .. . . . 
October . . ... .. . . 

Jrou Phosphorus 

40.14 
40 . 70 

. 0117 

. 0103 
N ovcmbcr . . , . . . . 38 85 . 0097 

an<l the average of the shipments in May, June and July for the same 
year (l!J20) was: iron, 38.72 per cent and phosphorus, .0112 per cent. 

These shipments were made from selected headings in the mine 
and represent what is believed to be the best ore that can be obtained 
in large tonnages. It is not probable that any other deposit in the 
district will afford as much cmdc shipping ore as that at Cranberry. 
Most of the ore in the district will have to be concentrated before it 
liccomes available, and the method of concentration employed must be 
~uch as to increase the content of its iron while avoiding the concentration 
of phosphorus. The mining of the ore will justify itself financially only 
if lhc resulting concentrate will make a very low phosphorus pig-iron. 
Tlil' Cranberry iron is guaranteed not to exceed 0.035 per cent in phos­
pl1orns, consequently the ore from which it is made must not contain 
,ui a vcrngc of more than about 0.02 per cent of this element. 

Until October, 1919, the ore was cobbed and then concentrated mag­
netically with the result that much of the ore too lean to be shipped 
direct was made available for use. The mill was closed at the end of 

~ '
1Lindgrcn, Waldomar, A suggestion for tho tcr1ninology of certa.in n1iner:d deposits: 

con. Ucol., vol. 17, p. 202, 1022. 
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') l I ,. 1())() l)iit·itt" Lhc lasl four montl1s of its opcrnLi.uu !l ,1Hl tons 
~ l' 0 )l, I , . • • · ,-, cJ f 

I · I 'l'l, ·1 • ,., . ,~ cl·u;sifi ,cJ as cohh •d ore, cone; nln~lc:; :w 1uc wrre s 11ppe! . " .. ., • · · . • I . 
· I L . LI l·t ll .,. '1w·l11dtn " ti, v-ei ••hLhs 1nd1 ma Lena.I and I rn;L. 

(•0111·c11 ra e;;, w • ~ - ,-, · · · I 
'fli t• proportions of t!.tdt nnd the conqwsition of cad, da -s we re tLS io-

lnws: 
l'roportio11.v a11tl q,wlity of diffa,•11t classc.• of ore sltipp<'d from Ilic Crunbcrry ,n-i,,c in the 

summer of 191!), 

Cr11sh1:r or\· . . , .. ~ . • • • • · - · · · · · · • · · · · · · · 

Cobb.eel '"'" . . . . . ... .. , , , , • · · · · · · · , · · 
Tails . . . .. .. .... .. ,•,,,··•··· 

Coarse co'au·t..·11tratcs. . . . . •• . , • •. • • • • · 

1-lea.tl::i. , . . . . , , , ... - . • • · · · · • 
Tails , .. . , . - - • • · ·, • · · · · · · · • 

Coar:;l' t'Ulll'. rctrcnts . ... .. . , • . .•. 

IIL":lllS . •• .. ' .. ...•..•.•. .• ' 
Tails ,, . ... . , . - . • •., • · · · , · • · 

Finer conl''-•11 I ral'--'S . ... ..... , • •. • • • • , · · 
ll<-:«ls .. .. . - - . ..•• ... , ... , . • 

Tails ..... .. • • · • · · · · • • · · · 
Fi11t.•r c·lHIL'. rctrc;,Lls . . • . . , . • • • • • • • 

llc·ads . . . ... - • • ..... · · · · .. 
Tails. . . . . .••... . .. , , , • • • • J 

Fine co11l·c11 l rates. • , , , • · · · · · · · · · · · ·1 
-5-H inch on' .. - . . . .. . , - - • • • • • · · 

· I ll•a 1ls . . , , • • • • · · • • · · · · · · · 

Tails , . . . . , , • •, • • · · · · · · · • · 'J. 
D11sl 

~ ~,•:uls . . . . , , . • , • • · • • • · · · · · · 
lads .. .. . , . , - • • • • · · · · · · 

Tons P ..! rccul 

1712 

7276 

100.0 
17.2 

7!.l . 25 

!l . ll 

Fe 

33.28 
48 . 00 
28 . 2!1 

44 . !I0 

25 , 07 

42 . tiO 
14.57 

45.15 
18 . 41 

40 . 7ti 
15.8!1 

57.91 
17.27 

G0 .5G 
l!l . !JO 

l' 

. 0275 

.00\)5 

. UIOt 

. 0113 

. Oil l 

, lll !H 

.oun1 

· I 1 t' t' , . ,,I' Lhe vmit111; 
I 1111 ·1. lc ·t ,va.s u1tulc ~o <l ·lernunc t 1c qu,u 1 1cs 

ll . . ,.l • . £ d . l · ktll 
du M·s ol' on: proclu<: •d by t l.ic mi ll , using !!ll 1;urs o · _cru e 01 • •~ lll'l' 

1·1·1,111 11,,'. 1u i11 • a11<l t he s t11ra g1: bin . Tlic atgn,gal • weight oE (; l"IIJ, _ 
, . d . . . f Lh . on: p1u· 

l L' 'I) .. . -o Ill· •Llld the wewl1ts an p1 opm lions O usel was Z , ,1.J - • • 0 

duccd\\Tl'L': _ . ,,·, 
I If f Craubcrry ·111111<'.,,, /,!' 

Proportio11s o.f di)Jac11I yrndcs of co1tc,·11trafrs pro< uc,•, . rorr, ore<( , 
Pou11 1I:- P,·n-,•nl 

Cohb,•d hc,uls ... - - · · · , • - · 
Co:Lrsc en11<.:cnt1·atcs. , •. • • . 

li'i1lcr concentrates . . 
F'ine l'oncL~ntral cs . , . .••.. . 

Tolal. . . .. , 

18,450 
2!.l,895 
14,700 
11,CiOO 

G8,G45 

},'; , !.l 
}!) , 8 

12 .2 
!I.ti 

56 , 9 

. I f tl , 'rt ulJ1•rr\' or,-. 
Tlil'se r!'su\Ls show clearly thal 111 l 1~ case o . . 1~ 1' • 1\ lo;111Lai11 

and 1m·s11111ably Lhat of the olher rnag11et.1Lc dt:pos1ts in L ,e -' ti •1 
. l d . l ·cm·,• ,L produ ·t "I t • 

distrid. i L is_ possible, by magnetic met lO s, o s .'tl ·t l Llic s111u~ 
f · ti ti , t in lite crude or· w t · 11 u a higher co11Lent o iron ian l,l .r 11 1iti1111 

I I 1, •<l th e l'l'S\ tlU; shmv n uu,n time inl't'l'asiH!?: the phosp 10rns. 111. ec , . · 

of Lite phosphorns as iron incr!'ascs, Jue no doubl to the fa,, 
of the phosphorus is in the mineral apatite, whid1 is more de>. 
ciatcd with the hornblende in the ore than wit.h the magnetite an 
scquently accompanies it into the tails. The magnetic process is sahs 
fadory in prmluciug a merchantable ore, its success commercially de­
pends upon costs. The Cranberry mill was shul down, not because it 
could uot produce a satisfactory concentrate from tl1e ore at hand, hut 
hccausc costs were too high. 

The runs made in 1913 showed that it required two tons of crude 
ore, then mined, to make one ton of concentrate containing about 46½ 
per cent. of iron; but there is no record of the iron content of the ore 
fod to the mill. The commercial success of the magnetic concentration 
method as applied to the mountain magnetites will depend upon the 
availability of a quantity of crude ore that will have a sufficiently high 
content of iron to yield a large enough product of satisfactory grade to 
pay costs of mining and concentration. Naturally the lower the grade 
of ore that can he utilized for the production of such a concentrate the 
greater will he the quantity of ore available for this purpose, and the 
larger will be the reserves for future use. 

With the idea of working out a cheap method for the concentration 
of Lite mountain ores and of determining the lowest grade ore that would 
lie profitable to mine for con · •ntmtion by the method that might be 
Jcyc\ope<l, samples were taken from the Cranberry mine slopes an<l sub­
mille<l to the Bureau of l\1ines Experiment Station at Minneapolis for 
stuJy. 

011e series of low grade ores included 5 samples taken from the walls 
ut' Liu, Cranberry mine at the points indicated by the sample numbers 
I.we Plale XVI.) These were analyzed for total and magnetic iron and 
phosphorus and then subjected to the tests indicated below. One set 
11f lcsls cousi.-;Lcil in w:ushing to quurter-inch size a11d suhjeding to the 
inl'luenee of magnc ls of gradually incn:asing slrcngLhs. The results are 
,l1 11 w11 undc1· Lhe heading "Dry cobhi11g tests." A second s •t of tests 
l'onsisle<l in fine grinding to pass sieves of 14, 28, 48 and 100 meshes 
and ,·onccntrating under water with magnets sufficiently strong in all 
,·a"•s l11 prc\·cnt 1oss of :my i:ron in U1e tai liugs."' The results or Lb.is 
:tr,• ~1i11wn under the b eading 'Wet magneti ·oucentraLion ." ()n]y Lh • 
n·,tilts uf the s Ludy of: the sample 5-L arc give11 ; since the rc:s ulls of Lh ' 
ln·a l111c nt o.f all samples were simi lar, cxceJJL of co11rsl!i, thnl Lhe pcr­
.-.·11tagu yields of hig-1'1-grade concentrnte.s were less in Lhe cn.sc ,if crnde 
"f<' l't11tlaiu.in1c: smaller quantities of iron. Sample 5-L rcprc.scuts about 
ll1t· l"w,•st grade ore that mi •ht be concentrated with profit under very 
fa rural,le c:o utli Liun,s with resp~cL to cos ts and the :selling price of pig 
1ro11. 

•: \\ ul·','.r dl1t11 ilcd cli:sCU8.1:i ion of thu method omJ)loycd in makin~ these tests, sco: Davis, 
IL.all. '.J, ~\1:;~t;";'.l'tu: con cu.nL.L·1Ll•ion of iron ore : l\Hnncso ta School of l\Hucs ExperirncnL 8tation 
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Composition of ,·11mpfrs <if low 9r11dc ore from lhc Crimbary 111i11 c, N. C., 011 udtidt mag­
netic co11cc11lrnlio1t t,,sls 'IL'cfl: 111111/i, by the U. S. B11reau of .Mi11cs Expaimc11t 

81«tio11, 11t .Ali1111cupul-i.•, l,ffou. 

Sawple ~ o. 

Lot 5 G 
" 5 II 
" 5 I 
" 5 K 
" 5 L 

Numbu of trsl 

First ... . .. . . .•. . 
Second . .. . . ..... 
Third . .. .. ...... 
Fourth . .... . . •.. 

Size 
Meah 

14 . . . . . . . ..• .. . 
!l8 .... . · · · · · .. . 
48 •• • • • • • +•• oo I 

100 . . . ... .. ... . • 

Tllt al Solulale iron MuJ,.?nctic iron 
l'aa,11 Peraut 

J,j. 5~ 10 . 47 
I!L 84 7.35 
15. 11 0 . 81 
21. 51 14 . 54 
25 . 47 22.03 

Rrcsults of eoncl'ltlration tests on Sample 5-L. 

Dry coLLing tests 

Concl'ntrntcs 
Composition 

Yidcl Fe l' Yield 
l'acr,it /'arrt1/ l'orn1t Pner11I 

l!!J. 57 5!) , (i5 0 . 0076 70.43 
:J6 . 85 5li . 82 0 . 0H!.5 63.15 
,n.91 51 8!1 0 . 0198 58 . 09 
,;8 , !15 !l!l . 87 0 u:12G 41.05 

\Vet magnetic concentration 

C uncl.'11tratcs 

Cowpositiou 
Yiel<l Fe p Yield 

1'1 rcc,il Pacn1t Pact·11l Pt!reerit 

:l!l :JS 57.87 0.0107 60 . 62 
:14 . 07 64 . !ll U. 0058 75.93 
!l:J. !)5 67 . !JI 0. 00(18 66.05 
!11.8!) 70.4li U.0020 68. ll 

Totul l)hu:- phoru!', 
J't'raul 

.0362 

.0223 

. 0303 

. 0180 

.0575 

Tuilings 
Composition 

Fe J> 
Peretnt l'errent 

JI . 11 0 . 0785 
7. 17 0 . 0838 
6.44 0.0847 
4.78 0 . 00:12 

Tnilings 
Compo!!lilion 

Fe p 
Percent Percent 

4.27 
4.95 
3.52 
4.27 

After considering the results . of the tests made on all the samples 
Messrs. E. 'vV. Davis and H. H. Wade of the Bureau comment as fol­
lows: 

"The resull:j of tl,t•sc ksts show tlrnt Ly dry coLbing nt 1-4 inch, jn nll cuses a 
concentrate cau I"' produced assaying loctwccn 50% und OU% in iron und Letwcen 
. 0178 ','~ and . 004::1'_·;, in phosphorns. In order to secure these results it wa& necessary 
to discard a tailing assaying from 3% to 7% magnetic iron. As the ass1ty of the feed 
was lo, .. ·, n. 7% u1ag11ctie iron tailing producc<l, in some cases, n.n cxecssive iron loss. 
Under ordinary rn11diLions, however, these woulcl he considered satisfactory results. 

"Iu the finer grilllling tests followed Ly wet magnetic concentration, the tailing 
pro,lu <'1:d contai11~·d i11 all cases prnctically no magnetic iron. This is due to the nature 
of the llHtchine used in making these tests. 

"The assay of tloe corn'•,· ulrutc uuulc at-100 mesh wns in all cases between 05% 
and 70'X, iron and about .OU:!1¼1 phosphorus. This is, of course, a very high grade 
concentrate, but iu order to pro,lucc it from Lot 5G, for example, it would be necessary 
to mine, coarse c ru.,lt aud possil.,ly coLl., (j tons of ore, fine grind to--100 mesh and 
concentrate possibly :1 tons of ore, and sintN one ton of ore in order to produce one ton 

HILLClcOU:, MAUNE'l'I'l'E-; 

of fini shc,l prrnluct. Fron1 an econo1uic poi11L of , ,iew this is 1111tlouhll•<l1y oul of the 
r1uestion, LuL iL is intercslin~ to notice that £rom an ore assaying only 71lc, magnetic 
iron a vr,ry loigh grade, low phosphorus conecutratc can he prnduccd. 

" In most 0£ Llol'sc samples the magnetic inrn assay was considcrnl>ly lower than 
the soluLlc iron assay. This is due to the fact that some of the soluble iron exists in 
th,· ore in a non-magnetic state and therefore eannot uc recovered hy mngnctic concen­
tration metho,ls. It is not possible by means of chemical analysis to dl'tcrmine the 
magnetic charac teristics of an ore, and since the relation between the soluLlc iron and 
magnetic iron ,·arit:s so eonsidcrahly iu the mountain ores, it is udvisublc to investigate 

• the deposits with reference to their content of magnetic iron as well as of totnl iron." 

In view of the results obtained in the experiments on the series of 
samples representing an average of the Cranberry vein, a second series 
of sainples was taken to represent the average of the ore tliat might 
readily be taken from the vein without including the leaner po·rtions of 
the vein-filling. The samples were taken from the headings that were 
being worked at the time the mine was closed. One represented the 
ore that is sent direct to the furnace without concentration, one is 
good milling ore and two represent average milling ore. The direct ore 
came from 5-Q and 5-R, the good milling ore from 5-P and the average 
milling ore from 5-K, 5-L, 5-M and 5-0. (See mine plat, Plate XVI.) 

These samples were also sent to the Experiment Station of the U. 
S. Bureau of Mines at Minneapolis, Minn., where they were crushed 
and passed through the experimental magnetic concentrator with the 
results outlined in the following few pages. 

Analyses of the samples gave: 

Composition of samples of crude ore from Crunbcrry millc, Crc"'b,,rry, N. C., 011 which 
111ag11rlic co11ce11lration te81s were made by 1/w U. S. Bureau of 1lfines Er.perimc11t 

Station ut M inneupol-i8, .Al-inn. 

Percent Pt•rl'cnt Percen t l>l' fl'CUL 

Snmplc No. soJublc iron btaJ iron iron iu mnJ.:tu•Lite total r>lmsr,laorus 

I 33.25 41. 20 31. 02 O.UU!l 
2 28 . 45 37. 12 2li.OU O. Ul!l 
:1 24 . 41 30.02 21.4!l 0 . 01:1 
4 27 . li7 34 . 50 2'l . 9(; 0 . (II() 

The ore was first crushed to quarter-inch size, and a porliou was 
put over a dry eobber at various magnetic field strengths, the field 
strength being decreased with each sueceeding test. Other portions 
of each sample were c1·ushed to -14, -28, -48, and -100 mesh and 
wet conceulrntiou tests were made at each size in a magnetic tube con­
ecntrator. In these wet tests the magnet used was sufficiently strong 
lo prevent the loss of any large amount of magnetic iron in the tailing. 
Tlte results of the tests are tabulated below. 

' I 
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R,•,wlls of c1J11<'c11frt1liun lcsls 011 s<1111plcs of orcfro,n Cruubcrry 111i11c. 

Sumplc No. l 
Com1,osiliu11 

/
1,•rr·,·111 

?\ 11 11d1(• r 

uf j , SI 

Total F~ . . -H \!O Fir,I 
I' . . . 0 . 00!1 Sl'l'llllll 

Thi1·d 

S&mplc No. '! 

Compo~iliu11 

Total Fe . , 37. 12 .First 
P ... 0.012 Secun<l 

Third 
Fonrt.h 

Sample No. :1 
Cu1111msitio11 

Tot111Fe . . !IO,!l2 First 
P ... 0 . Ul3 Seeuntl 

Third 

Snmplt~ Nu, •t 
Co mpo~ili un 

Fourth 

Totul Pe .. !3-1 , 50 Fir:st 
P . .. U.0l<i Sl·cond 

Third 
Fourlh 

Dry cuuhing tcsls. 

Yi,-1 .1 

H!J.71 

77. 77 
lil. !J7 

50 . 00 

82 . 8:l 
(i!).10 

,H.!l4 
4~ - o:~ 

71. 70 
;)2 . -1,,;j 

:rn . uo 
28 . !lO 

75. :17 
5!l _8:l 

43. 11 
31. !l7 

Co11cl'n t raLC's 

Compu~itiou 
Fe P 

·13. 88 
47.UO 
53.24 
57 . 17 

41. 12 

45.44 
50 . 87 
54.76 

37.47 
H.72 
54.20 
58.44 

:l!J.73 

44. 71 
51.!)2 
5li . !ll 

0 , 008 
0 . 008 

0.007 
0 . 007 

O. OO!J 

0 . 008 
0 , 007 
0 , 007 

0 . 011 
0 , 0ll 

0.010 
O. OO!J 

0.012 
0 . 011 

0 . 008 

0.007 

Wet magnl'tic concentration tests. 
Snuq,1...- Nu. I 
Conipo:-ilio 11 

Totnl Fe . .41.,!0 

l' . .. 0 00!1 

Sn 11111/4.• J'\ o . '! 

Compo :. il i1111 

-IUO 
- - ~8 
- -,28 

- H 
Si,.\ 
.\/, sh 

Total Fe ,. !17 . 1\! -100 
- HI 

I' . .. 0 01 ·! - --·28 
-)-1, 

Total Fe .. !I() !I~ - I 00 
- -Hi 

l' . .. 0 _01:1 -•!8 
- H 

S u1u1•lc N11. l 
C11 111 posiliu11 S izt.· 

/ 11 , . , , , 1,I J/ , ,. ,. 

Total Fe .. 34 . 50 -1110 
- - -IS 

P .. . 0 . 01() - 28 
-·H 

4:J . 2G 
45 . :rn 
52 . 0,; 
(i \l_55 

:11; . 88 

:rn . 7H 

45 04 

Ul 5:l 

2!) . 8:1 

j;j .2:!) 

4,'i . l:l 

!lO . :J7 
!3~ _(j!) 

:;7 2!l 
57 01 

C o11 r:t•ntrutt's 

C ouq10:sitio11 

Fe I' 

71 . 4!) 
U!l. IO 

G2.81i 

5;; . o:i 

71 . 4-1 

u8 O:l 

U2 . 10 
50 . !!8 

71 . 1-1 

u7 . -12 
(i} . 70 
51.!JO 

70 , !l!) 
U8. 18 
lil . !I,, 

47 . 0:1 

0 . 005 
0.005 
O.OOli 
0 006 

0 . 004 
0 . 004 
o. oo,; 
0 . 00li 

0 . 004 
0 . 005 
0 005 
U. 005 

0 , 004 
0 ,005 
0 . 006 
0 . 010 

Tni liui,;s 
Yid1I Jeon iu 

l',·n·,:ul 

10 2!i 
~2 . 23 
:is . 0:1 
50 . UO 

111 ◄ 1gm.· Litc 

)
1t' rf't: ,it 

1. 6!) 

1. 74 
5 . !Hi 
U. 85 

17 .17 2 . GO 
:io . 00 2 . 83 
45 , OU 4 . 02 
57.07 9 07 

1!8.!lO 3 . 05 
47 . 55 3 . 44 
r.:1. ,rn 5 . 17 
71.70 8 . 18 

24. 63 I. 76 
40.17 3 . 31 
51i. 80 5 . liO 

U8. 03 0 48 

T ·.ulin~s 
Yidd Iron in 

/l('f('fld 

50.74 
54.(H 
47 . !15 
37 .•l5 

ti:I 12 
(jl)_ 21 

;;.J, !Hi 

:l8 . 47 

70 07 

G7 . 71 
G4 . 71 
54 . 87 

li!I. u:l 
67.:ll 
u2.71 
42 . !I!) 

lllngnl'litc 

4 . l!J 

4.0:l 
3 . 58 

3 . 50 

!1. 59 
l!.8!1 
!l , 50 
3.35 

4 . 40 
4 . 2!i 
5 . 02 
4 87 

8 . !Jl 

8 . 14 
8 :17 
8. 45 
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In the tables the only iron reported as being present in the tailiugs 
1s that Ill magnetite. There 1s present in addition, however, also Lhe 
iron that, is in the silicates which are not. curried to the magnets. The 
iron m the magnetite 1s significant as indicating the efficiency of the 
process used and for this reason is recorded. In the conccnt rates t lw 
iron in the silicates that are caught by the magnets as well as that 11t 
magnetite is of value to the furnace man, so that the figures given rn 
the column showing the percentage of iron m the concentrate arc fur 
total iron. 

The res ults of the dry cobbing tests show that each of the four 
samples when crushed to quarter-inch size produces a concentrate assay­
ing between 50 and 60 per cent of tota_l iron, and 0.007 to 0.010 per cent 
of phosphorus. However, the amount of the concentrate varies with 
the different lots. From lot No. 3, in the fourth test 28.30 per cent of 
Lhe crude ore is recovered as a concentrate assaying 58.44 per cent total 
iron, whereas from lot No. 1, 50.00 per cent of the crude ore is recovered 
as a concentrate assaying 57.17 per cent total uon. The reason for 
this variation in recovery, according to Messrs. E. W. Davis and H . H. 
Wade of the Experiment Station, is the difference in (1) the amounts of 
iron in the original samples, and (2) the difference m their structure. 
The ore and gangue are more intimately associated in lot No. 3 than in 
lol. No. 1. Cobbing at coarser sizes than quarter-inch was impossible 
on account of the small size of the samples. 

In the wet concentration tests, a concentrate assaying 70 to 71 
per cent of total iron and between 0.004 and 0.005 per cent of phos­
phorns was obtained in all four lots at -100 mesh. The average ratio 
of concenLration for the lots is about 3 tons into 1. Coarser grinding 
and concentrating lowers the total iron content by from 2 per cent to 
-i pPr cent but increases the yield, slightly improving the ratio of cou­
ceulration. 

Messrs. Davis and ,Vadc remai'k 1 that "as a result of these tests it 
would see111 that a satisfactory method of concentration could he pro­
Yided by ('obbing out 30 or 40 per cent of the weight of the crude ore 
assaying under 5 per cent. magnetic irnn and then grinding the cohher 
('OH(·eutratc to -48 mesh preliminary to wet magnetic concenlration. 
This would mean that it would be necessary to mine, crush, and cobb 
three tons of ore, thus producing 1.2 tons of tailing to be discarded and 
1.H Ions of cobher eonccutrate to be crnsltcd to -- 48 mesh and concen-
1 rated wet. About one ton of concentrate would then be produced 
assaying about (;B per cent iron and 0.006 per cent phosphorus. 

By eardul sizing and cobbing, a dry method of couccntrnlion eould 
l,l' ]II'OYided which would produce a concentrate assay ing ab(mt 5(i per 
('(' 11 1 irnn and 0.()1 per cent phosphorus. No fine grinding or sintering 

t. 
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plant would be required and the cost of operating and constructing a 
plant for this method of operation would be about one-half of that 
employing wet coucc11tration. It is doubtful if a concentrate much 
higher than 56 per cent. iron could be made without producin(l' a high 
tailing loss." 

0 

Their conclusions arc csser1tially as follows: 

(1) By dry concentration methods a concentrate assaying about 
56 per cent of iron au<l 0.01 per cent of phosphorus can be made with 
a ratio of concentrates of about 2.5 tons into 1. 

(2) By wet concentration methods a concentrate can be made 
assaying as high in iron as desired. However, for higher assaying con­
ccutrntes, the grin<lfog must be finer and the more expensive will be 
tl1e process. 

(:3) Any grade concentrate can be made, but in order to determine 
the grade that would be most profitable Lo produce, a careful l'eonomic 
study of mining and milling costs is necessary. 

It wiB be learned from the results of the tests on samples of magnetic 
ores ranging from 1:3.84 to 41.20 per cent of total iron and 7.35 to 31.02 
per cent of iron in magnetite that there is no difliculty in producing 
concentrates sufficiently high in iron to be mer hu.ntable. It is prob­
able, however, that no ore would be profitable to work unless it contains 
at I ·usl 22 per cent of iruu in magnetite and cu.n be produ •e<l at a low 
•ost for mining. Al most of th• depo ·its in the Mountain clis tri ·tore · 

of this grade can be produced, hut at only a Ecw of them eitll they b , 
produced on a scale laq.(e e.rh1ugh Lo kcc1> uiiui ug costs low. In e ·ti­
mati11g the value of a dtlposit it is ne ·essary ll1 •refore not on ly to de­
termine the percenlag · of 111agnetite preslin·L: buL also ~o detet,;tinc tbc 
quantity of ore .present and the cost of mining it. 

RESERVES 

Uecause of the superficial character of nearly all the explorations 
of the magnetite deposits in the Mountain district there are no data on 
which an estimate of lite reserves of magnetic ore in the district can he 
based. :Most of the explorations have been confined merely to the un­
coveru1~ of the ore. 1n A.,;]1 · County, N. C., a few tunnels and shafts 
Jiave hceJJ excavated, L,uL 110111! of them reach more tlian a few score feet 
u1ulcrgrouud. In C'arlt'r Coun'ly, T •u1L. , u number of opening~ have 
IH: •n made in 1ltl' western •xlcnsion of the f'rauberry vein aud at some 
pl.l<'c.' considernhlc ol'e has lie •n Luken oul. .13ut licrc, also the depths 
of llic op nings JLl'C s li ght. Only at U-1c 'ranberry mine has ,Uly i:x­
tcnsive opcniJlg h •c.11 made. Nearly all th• excavation has been cou­
fincll to the ground above the floor of the tu1111cl which entei·s the base 
of the liill at Lhc lcn·I of the rni lroad tra ·k. Tlicrc hns been little ex-

SILIVBOUH 1'L\(::'ils'l'ITJ•;-; 77 

ploration ahead of mining a.nd there is therefore almost nothing k11own 
of the ure co11ditions beyond the walls of the present mine opening. 

It is known, of course, that there are numerous lenses of ore i~ the 
schjsls u.ud gnei ' st!;; of th· <li~h-ict and that Ll1ey occu1· i11 bells, but 
little is known about U1c sizes of tlic lenses, or 1lhout their distribution 
in the huHs. 11.t ome places tbe lenses are so ermv<led thnt tl1e series 
hceomes prn ·tically a conti11uous uniformly thick vein of ore. In other · 
tli •y ar • some Jis lance ,l.part and are separa.ted hy str Lchcs of vein 
i:ontainiug lilll orf', or by pinches of the wall ro ks lcavin i:: only a nar­
row width of vein between. 

Another difficulty in attempting to estimate the reserves arises from 
Lhc fa ·t that it is imp ssible to d •termtu<! ll1 ratio between the magnetite 
aud gauguc in Lhc deposits v,·i U1011t cl.1 mical 01· physical u.nalyscs, and 
ll1cse are valudcss u 11less the salllp lei; analyzed nrc- so selected as to 
_show tlw dis lrib11tio11 of ore and g,\llguc. fn no case have su ·h samples 
hccn available. :Moreover, it is not yet known what constitutes an 
arnilalil' ore. Jf aJLavailab le ore i: only Lhat material which eo11tain al 
ll'ast 3ll pert •nt. of iron, tl1e <1um1Lily that mi •ht b • obt.a.i1wd l'rom Lhc 
111ou11la.ill lcposils is so snHLll us to be negligib] •, as only f •w dl'pusits 
would yi(•ld enough of such ore as to be worthy of collsidcrntion by f1u·-
11a · • op •ra.Lors. Ou lhc other hand, if lower grade ores w:u1 h<· <:Onccn-
1 rated Lo yi ·Id a eompara,livcly h iirh grade prod1wt Ll1c aYnilal,I · rescn es 
arc increased as the .grade of crude ore that tan b conccnlnttrd tv a 
111crcb11nL-1.blc product becomes lower atlll lower. The limiL will be 
rcacJ1cd when the gmd • of crude ore l> com •s o low tlrnl iL wil l not 
yidd a 111erchantablc pl'o<luct in sutli ·icnt quantity to pn.y lite cost of 
111i11in., nnd conccntrntion. What this limil i · w • do not yet know. 

Since il is impossible Lo eslinmtc ti,' r serves on the strengLL of 
Ll1c uata rww at 01u· disposal, it is nee •:sa ry to base any estim,tle on 
H~Sllll\}>tions. This kind of !Lil eslimulc is justintLhle if it is dcarJy Ull­
tl(•rs lood Llml it i~ based on assu111pLio11s aud uol upon kuowu fa ·ts a nd. 
that iL j~ offcrcJ mer ly as a quantity thal ··hould be Ill d.itic<l tC> uc:cord 
ll'ilh ·on<litions as new facts are developed by exploraLions ,u1d milling 
lcsts. 

111 180~, at the Cnrnbcri-y ruin , accordiug to Nitzc", ,111 ore body 
hud hl!ell 1>c11cd and explored through u .length of 875 fccL, u breadth. 
uf :mo foct-, ,U)d a.n avernge depth of 105 feet, rcpn:senling approximately 
1,li00,000 yards uf material. "Assuming that the ganguc and ore arc 
cqu11lly <livid ·cl, lta.lt-antl- lrnlf. and taking the specifi<: gmvil of magne­
lilc .it 6.1 anti of Ute gangue 11.t 3, this volume woul<l contain 4,800,000 
tuns (gross) of ore material, of which over 3,000,000 tons M · pure ore." 
.'i111: · 188-i about 1,360,000 tons of ore have lpen shipped, tl1ougli nearly 
lhc entire slice referred to by Nitze has been mined except those por~ 

"llp. cit., p. 170. 
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tions which wcrc loo lean to warrant Llw expense of removal an<l con­
centration, and an a1ldit.ional q11anlily has been taken from the north­
west portion of lite mine which had not. been developed at. the time of 
Nitiw's visit. His 1!vidl'nl lhal Nitze's estimate of 50 per cent on~ in 
the sli,·:· was loo largl'. IL is now dear that the slice, tl1e dimensions 
of wlii, 11 arc giveu hy Nilzc, was not all occupied by a single lens of 
uniform thickness I hro11gl1011l, am! that a fair estimate of the ore in the 
mine was impossible because of insufficient exploratory work. The same 
diffi1:11l lies lie in the way of making a fair estimate today. 

An inspection of the mine plat, (Plate XVI), will show that the ore 
has come from lenses separated from one another partly hy pinches in 
the vein and partly by the Harrowing of the riche1· portions of the vcin­
filling. There is uo probability that the lenses t~rminatc suddenly 
with depth. If the sonrc-c of the ore was, as is supposed, a subterranean 
magma is is probable that the deposits extend downward for some 
distance. There should he ore below the present works, an<l the t[Uan­
tity should he approximately the same per unit of mass beneath the 
present workings as has been taken from the mine in those portions 
that have been workc<l out. If 1,500,000 tons of ore have been remove<l 
from the presc11L workings which measure about 1,800 feet long, from a 
few feet to 200 feel wi<le, and about 550 feet high, an<l 200,000 terns 

still remain in the upper le,·els, in an equal vertical distance of 550 feet 
below the prcsen I hotlom of I he mine there is probably a similar tonnage 
(of 1,700,000 tons) in every_ 1,800 feet on Lhe length of the vein. There 
is no cvideuce as lo !tow far the vein extends with its present wi<lth either 
in a nor I hwesl or southeast direction, but magnetic observations made 
to the Horthwest indicate a number of swellings that represent lenses 
of ore. l f Lhe ,·cin extends 1,800 feet beyond the present en<l of the 
mine wi I li a11 avernge wi<lth beyond tl1e present workings of only half 
of that in the workings, the '1uantity of ore that is still available above 
a depth uf ;j;j() frd below the present level is 3,000,000 tons, without 
considcriug lhal pu1:Lion of the vein that extends southeast of Cranberry, 
in which there is co11si<lerablc ore. Iu the past, however, much ,if the 
material taken from the mine has been rejected because too lean to pass 
as ore. Mueh of this might yiel<l a goo<l concentrate unde1· propt•r 
conditiu11s with an cflicient conc:entrating plant. One has only to glance 
at the ballast 011 the Linville Valley Railroad, southeast of Cranberry, 
to realize that much goml ore has heretofore been wasted. Had all the 
material removed from Lhc miue been passe<l through a suitable concen­
trator the yield of merchantable ore would have been much greater 
than it has been and the ealculatcd reserve would be correspondingly 
1,rreater. Th q11a11Li l.y uf or· lhat can h • pn due <l will 11alnrnlly depcu<l 
hu·gcly upon tlu: 1·o"L ,1[ 1l1ini11g aud 1·0111·\•n.LrnLion. In the futnre min­
ing cosl"I should 11 11r111:1lly i11creasc l,c ·ans• Lhe or• still to he won will 
require u long •r Lrau1111i 11 g Lhan t lml wliicli has already Ii •en produced 
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all(! mosl 111" it will ha ve Lu Ii· nLisl·d lo lh1: Lunncl lt•,cl, whcn·as here­
tofore 11111d1 uf it has been dropp •<l l > thi s level hy gravity . Uuwc vt"r, 
il is prolmhl • [.hal wilh a11 econ 1mintl C'Ollcentralio11 plant. cos ts 11·ill 
still he IH'low the Ya lue o'I' l11c ·01tcc11Lrntc, for in Ll1li llilwr11i1l 111i11e•• 
in N1•w ,Jc-rsey, wlwre Llw ore is very like tlmt fLL C ranberry, au or· 
coului11i11;.( abou t :10 per <"enl. of irou is b •ing rnis11<l r1·om 11 dq1il1 
of 1,:iOO f • ·t iu1tl. coueculrat ·<l, pn:s umahly al a profit.· Tli • ·ou­
ce11lral •s at tl.P Ilib •ntia mine in l!l08 lm<l a cn11Lc1Lt of (i2.80 p ·r 
c<·i1l. or irn11 .mJ 0.2:ll per cent. of pl10splion1s. As a cunc•ulral e c·oulJ 
l,e uhl.a.i 11cd at the Cmnb •1-ry mi nc wi Lh a lll ll(.'.h s maller eonle11 L or pl10s­
phun1s than Ll1ut in the Hibernia con ·culral , iL sc ms cerlaitl Llmt a 
11w lerat,•ly rich ranberry ore coulcl s la nd Lh • co~t of mining l"rom 

rcuson:dd,: deplhs below the Lunncl l •vel. 
. "orlliwcst uf the Cranberry 1.1ri11> ou th· san1e vein, or 11t any ralc, 

in the :a111c bdt of veins, thes e :tre known Lo b · ·e,·eral ulher tlcposils 
of 1-(ood ore that are co11uectetl hy liJles of m11g11 •Li· altraclion. (."ee 
Plnk I.) The sizes however, uf these dc[lOSiLs arc t10t known. At 
the Ti orse Shoe, T ,egar<lc11, :Uld \\"ild I' mine · Ute <leposil s arc prnlmbly 
larµ;c enough to be work •<l tuufor 1>rt!Set1.t conditions, lrnL in ,·11.d1 cu,;c 
Llw ,n·c is compara tiv ely J an. \Vjth 1rn ef6cic11t co11ccntrnliug plan l 
Lo which tl1c -cru<le ore cou.l<l l>c e:ut it is probt1blc lhat sume of Lh • ulhcr 
ti •po:si ts might b • e~1>loit •d. uch n. plant, if btLil t, should he si t11:1 Led 
al lloan Mount.Lin or , ' hell reek, Tenn., where all of t he ore Llial migl1L 
he rnis •J h •tween Crnnh •r.ry and the T e<:gn.rdcn. mine ·oul<l lie sc1ll to 
it !,.,· a down-Mntdc l1aul on ti.Hi raih·oad. A plauL al ltoa11 :\l01111la.i11 
w1111ld ,tlso h • conYenicntly situut ·d wilh r •ferenc • lo auy on· Llial mi ghl 
bt• raisc•J al the Peg L •g and Hurse. hoc mines and i11 Lit · i1tlervcninl-( 

l"OUlltl'y. 

IL is iutpossihl • to •slimatc t l1c a mount of crude ore thal would b · 
1:011LrilJllLory to s uch :l vlant, but if lhc average wicllb of thosll p irlion,.; 
uf th , deposits t"lllll woul<l he worth cone •ntraling i,; l ii feet and one­
half U1c l •ugth ur th• bel l i.s ba.rrcu, the quantity of en1d • or • i1t Lil e 5½ 
111ih.- · lwtw en t l,c 'mnlJ1•rry and P •g J, •g uriu1::s is 3 000,000 lo 11s for 
L•\'1•r.,· 100 feel in <lcp1.h. Sin ·e lhe width of tl1e n ·Mly llUre ma~11c ite 
1·xpos,;d in the openin~s Lh,Lt hav · be •11 wade Vari ,.; ill wi<l.Lh !'rum -~ feet 
lu !W r,.. •L, it is probable tlml Ute <·rutle or• wuuld yield about 7:3 per 
ee11l. of <·omm •r •ial ·on· •utmtc. 011 lli •sc .1ssumplio11s -,:...50,000 Lons 
of t·cmccnlratc are indicated for every 100 feet of depth. 

Al Liu;! ·wild!!r ,ut<l tltc T eegarden mines, south of ·1i •II Cr,ck, are 
Liu: two mo.st promi sing un<leY •ltJp ·<l d •posits kuown in Lhe bell. At 
both pla • •s 1uagnetic surveys (Plal.1· XIX.) "\Vt!rl' mad• by Mr. ::-i. H . 
Hamilt on for tlw 'ran b •rry Fur11acc Comp.1 11y •• . Tlte 1:csult s of 

HBa)'I •v , W. 8 . . lru11 mine a ntl miniug in N uw ,101;;-~?y : ( Final Report :Series of the 
::S tale (i1•uh1b.:\st., vol. 7, (;eol. ::,ur,· ")' ur N •w .Jl!rsoy , IL •l a ti , 1.no. 

:.9un11nl.>llshcd mulll tSt;riJ}t.. rc11urlr 1n the pU~l-.-slou or thu Tennessee Gcol. Survey.• 
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t11ese surn~ys indi!'a te, :wcor<ling to l\lr. Hamilton, the presence of 
150,000 tons of prol,able ore and 600,000 tons of possible ore, and at the 
Teegarden mine aud vicinity abol!t ~50,000 tons of probable ore and 
1,000,000 ·tons of possible ore. Hamilton docs not state, however, 
whether the estimate is for ore of shipping grade or for crude ore that 
must be concentrated, nor does he make any statement as to the depth 
to which mining 11111st proceed to yield the tonnage estimated. 

At no other localities in AYery County, N . C., or Carter County, 
Tenn., arc there known to be any deposits comparable in size to those in 
the strip of the Cranberry belt that ha Ye been mentioned, except perhaps 
at the Peg Leg mine, 3 miles south of Roan Mountain Station. Here 
there has been developed a body of good ore, the size of which, however, 
has 11ot been determined even approximately. 

Elsewhere in these countics the veins are narrow and the ore-bodies 
too small to afford favorable conditions for cheap mining. In the 
aggregate a large quantity of ore might be obtained from them, but it 
would be in small lots at such widely scattered points that it could not 
be dt•J!cnded upon to fumish a continuous supply. There is no induce­
ment lo build a railroad t.u them, and without a railroad the cost of 
transportation over the hilly roads to the existing railroad would be 
prohibitive. 

In Ashe County, N. C., the three most promising explorations are 
near the Ballou place on North Fork of New River, near the mouth of 
Helton Creek (page 157), and on the Graybeal property (page 150) and 
on Pinc)' Creek (page 146) near Lansing. On the North Fork arc two 
adjacent explorations known as the "Home place" and the "Calloway 
property." Both arc in the same belt of deposits, the former north of 
the latter. At the "Home place" rather extensive exJJlorations have 
been made, but no records of the results attained arc now available. 
The "Calloway property" has also hecn explored, but not sufficiently 
tborouglily to prove the continuation of the vein, or to determine the 
presence of any wide portions. Consequently it is J>lainly impossible 
to estimate except in a very general way the quantity of ore in the area. 

On the suppositiou that a continuous vein 20 feet. wide has been 
proven on the Calloway property, there are between the top of the hill 
and the river about :350,000 tons of magnetite above tl1e river level. 
On the same assumption with respect to the "Home place" there are 
about ~250,000 Lons bctwet•n the top of the hill and the river. In both 
cases lhe vein is supposed to yield (i5 per cent. of merchantable ore. 

So far as we can now judge, that portion of the vein on the west 
side of tlic Norll1 l◄'ork is at present of no value, since it is too narrow to 
bear the cost of rnining and concentration. If, however, a concentrating 
plant ·were near at hand perhaps some portion of it might be mined 
with profit. 
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Nuue of the ore on any of the three properties could be shipped 
without heneficiation. It would have to be concentrated before being 
placcJ on the market, since the amount of rich ore that mighl Le picked 
by hand from the rock is too small to pay mining costs. A small con­
ecntrnting plant so situated as to take care of the product of these three 
properties and of any material that might be furnished by deposits 
father southwest on the same general belt might be made to pay, but 
no investment in any kind of mining or concentrating plant would he 
justifiable until some outlet to furnaces is provided. At present the 
nearest railroad is about 8 miles distant over hilly roads. 

The most promising of all the deposits in the county arc those on 
the Graybeal property and at Piney Creek, near Lansing, principally 
because they are close to the railroad. On the Graybeal property there 
is indicated as available in the hill above the valley levels about 150,000 
tuns, on the assumption that the vein is 17 feet wide and 800 feel long, 
and that it will yield 75 per cent. of merchantable ore. (See also page 
15~.) At the Piney Creek locality about 65,000 tons arc indicated above 
u depth of 100 feet below the level of the creek on the assumption that 
the Ycin is 12 feet wide and that its length is about 350 feet, or the dis­
talll'e between the two most widely separated openings upon it. 

111 either case some magnetic concentration would be necessary to 
seeurc Lhe full yield, though at l>incy Creek a large portion of the esti­
m,tte<l yield might be produced by hand cobbing alone. The sizes of 
lhc deposits would not warrant the erection of an effil'icnt concentrating 
plant, even though the output of both properties should he treated 
lu~cthcr. 
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CHAPTER V. 

EXPLORATION 
PHI~LII\HNARY STATEMENT 

One of Ll1c mosl slriking characteristics of the mineral magnetite 
is its effect 011 :t 11tal-{nd, tending to draw the mineral and magnet to­
gether. This property is not only made use of in concentrating magnetic 
ores, bn t is la ken ad vantage of also in the search for ore bodies contain­
ing magnctile . IL is well known that the compass needle after swinging 
freely comes lo n·st in a posilion that is parallel to the line of magnetic 
force passing through I he earth at lite point on its surface immediately 
under the compass. This direction , in western North Carolina, is a 

degree or Lwo west of north where tltcre is no magnetite. The deJ)arturc 
from the tr111· north is known as the declination, and the direction to 
which it points as the magnetic n01·th. Its amount is indicated on 
most of the topographic sheets issued by the U. S. Geological Survey for 
the year of JJ11hlicalion . It inereascs a few minutes annually. In addi­
tion to the pull of one end of lite compass needle toward the north there 
is also a pull of the uorth end downward toward the earth. l?or this 
reason the south 1•nd of the needle in all compasses is weighted to make 
it swing horizontally. If not: ·weighted the north end of a magnetized 
needle free tu 11111\·c verticall_v in the plane of the magnetic north will 
dip downwartl in latitudes north of the equator, provided there arc no 
influences that interfere wilh the normal action of the earth's magnetic 
currents. This n·rtical dcpa r l11re is known as the inclination, or dip, 
and the instrllllll'll l made for llll'asuring it the "<lip needle." 

The dedinat ion and indination of a magnetized needle vary lilllc 
from point. to poi11t over a rat her broad area, unless some dislurbi11g 
influence is nearby. If such a disturbing influence is in the neighbor­
hood of the nectllc it will cause a variation in both declination and in­
clination, dcpl't1ding upon the strength of its pull, and its distance and 
direction from tl1e needle. A buried mass of magnetite will thus affel'l 
a compass and a dip net·tll , and l'rolll the : lTc11g Ll1 ;!lid. direction uf its 
pull its posiliou may hli tletcrmirn.:d . The Lwo insll'lllllellts emplo,Hd 
for rapitlly localing nrng11 •titc arc Lhe "dial eompass" aud the "di11 
needle." 

INSTRUMENTS EMPLOYED IN EXPLORATION 

THE DIAL COMPASS 

Tl1 ... dittl l' t1tup:1 sii (Fig u_rc 2), C(m he ohtuinctl l'r11 111 most dc,der., iu 
eugin •eriug ins lr1u11ei11s. It is a small, portal.,le s u.n-dial provided wilh 
a cnJl'tJHJss ue,·tllt· ·wi11g i11 g ins ide n. g- raduatc cinfo whicl1 , when ihe 
insln1111 •11t is ll•vcl. is horizonta l. 011 a sunny da)·, if t it.is in,, Lrunicnl 
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i_s :sel IIJ), lcvtil_l c?: and _111 rued 1111til the sl1adow uf Liu• gnouw 11 (a Lhread) 
f'.dl s 011 Lliat d1v1swn oJ ll, l! lww·-circ:l • wlti<; L eorrl•.~pu11tls to the apparent 
l1111 ·. th~ z1·~0 of the g raduatctl eit-(•1 • will h, in tu, Lrt1c mcridiu1t, and 
the dcchnat1011 of the magnetic needle may be read off directly. In 

F1ouR1: 2. Dial Coni.l>..•~s . 

tml1:r Lh_aL llt(! inslnu11e11t may bes •L i.11 Lit• meridian :iud Lli e ·oncct 
d_n ·l111 uL1011 read, ii m1 tst l,c properly ·011s lrt1 ·Led , tltuL is to say, tit . hour 
1
•
1r.-le 111us t be aecnrntely grndun.lcd, Ll1c g noi11011 1uusL ma ke wi ll, LIH! 

1il111 11• of t he ho11r-1: i1:cd e a11 angle eq uul l,o -the litlitu<lc of Utt' plac:c:, und 
ll ll' 'l.c ro of ,E,TJ'aclual1on must be in Lhc vertical plunc ol' LIil! g uouwn; 
iii,, pl1111 • of lh · hl)Ur-circl• mus t be lcYcl; and lite UJ1p:irrn1L Lim, mn sL h ~to:~1

1. _ . ?_'o. ohta_in :_1pparcnt tin~ •. rc<Jtr.ires two ~orrce tions to LanclarcJ 
~
11

• , 111.st, ,L eocrci:I wu fo r tltc d 1rlerence of long1t11de between Lite pl.lee 
ol_ "hsc rva L_i o1.1 and lhe sta.ndarJ 11wridia11 , uud, ~cuondly, the udtlili,lu 
','1 s11 l1tr:icLHm of Lite '((Uttt iuu of t..uuc, 1·ake11 from the N aulic.J Alutaua1.: 
f,,r Ili c proper d ay and y •ar. " · 
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lu the correction for obtaining mean local time from sliwdard time 
it is only necessary to multiply the difference in degrees between the 
longitude of Llie place of observation and that of the standard me1·idian 
(which is 75° for places using Eastern time and !)(1° for those using 
Central time) by 4. This will give the uumber of minutes that must 
be added lo or subtracted from standard time to get mean local time. 
For convenience the watch may he set to give this time. In western 
North Caroli11a and the adjacent portion of Tennessee tl1e product of 
the multiplit'a I ion should be subtra<:ted from the time of the 75° meridian 
and added to that of the 90° meridian. Thus the longitude of Asheville 
is about 82° :io' as read from the Asheville topographic sheet. This is 
7½ 0 (90°-H':? 0 :rn' =7° 30') east of the 90° merid~an. If reference is to 
Eastern time subtract 30 (7½' x4) minutes to obtain mean local time, or 

0 
F 1ouui:; :J. Dia.;.; ,·an1 illustratin~ the influence of a ma~net.ic s~rj~ in producing h_ori­

zontal deflect.ions of a. co1npass uccdlc. (Aft.er H. L . Smyth .) 0-0 ts line of no dcflectwn. 

if reference is lo Central time add :30 minutes. Thus at. 10 u'clock Eastern 
time it is 9 o'clock Central time, and !) ::rn o'clock mean local time at 
Asheville. To obtain apparent, or sun-dial time, the equation of time 
must be added to or subtracted from mean local time. The dial should 
then be set at the time indicated by the result. The zero point in the 
graduated cirdc will then face the true north. 

As has been said, in the presence of magnetic matter the compass 
need! no longer remains in tl11: magnelic merclian but is <leflecled from 
iL The final Jmsition a,,;s urned deJJ>ll<l,; on the direction and 1uno1111t 
of the hurizunl:d ·ompoue nL of tlie fore ' exerted and is the line of the 
resultanl of this hurizurLta.1 ., mpon •nl mid the horizontul component of 
the earLli ',; rn agnt,: Li~in. Th • decli.naLiou i , the11 the uuglc which Lhis 
resultant makes with the true meridian, and it is read in degrees. 

EXPLOltATION 85 

In tlic area of magnetic ores the ore deposits occur as long, narrow, 
probably deep lenses that al'e exposed on the surface as strips running 
parallel to the strncture of the country rocks. The intensity of their 
magnetic force varies (a) with the quantity of magnetite they contain, 
(b) with its arrangement in the mass, and (c) with the directions of strike 
and dip of the deposits. It is greatest for rocks dipping in the direction 
of the earth's force and least for those which dip at right angles thereto. 

If the strip of magnetic material is uniformly wide and dips vertically 
the horizontal component of its force acts at right angles to the strike 

Ma'gnet i e, 

f 

t 

' 

For-mat ion 

:b'rnuue 4. DiaH: t'u lll illustrating the effect of the strike of magnetic strips upon the 
0 ce,\le or a dial co mrnu;.~. (Aflcr W. 0. Hotchkiss. ) 

I 
J 
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of the strip (Figun' :I). lis dirl'dion al all station.~ 011 tbe same side of 
the strip is tbc sauw and opposite to that 011 the other side; 1·011scq11c11Lly 
the deflection of tlie needle will bl' different on the two sides, and between 

. the two points at which the deflections arc at their maximum values 
there will be a position over the st.-ip at which there will he 110 ddleetion. 
A strip which strikes E-,v. will produce no deflection except on its north 
side, and then ouly at such stations, near the strip, wlicrc the magnetic 
force of the magncl ic material is grea1 er than the pull of Lhc magnetic 
north. A strip that strike~ N-S. will pro1h1ce equal dd]cdions on both 
sides at stations equally distant, and a strip that strikl's NE. or NW. 
will produce grcall'r deflections on its northern side than at correspond­
ing stations on iLs southern side. (l◄'igure 4.) 

For instance, let P and P' be two stations on opposite sides of a 
vertical strip of magnetic ore striking NE. (Figure B.) Let H repre­
sent the strength of pull of the magnetic north, and H' the pull of the ore 
strip. Completing the parallelogram of forces by drawing lines from 
H and H' parallel to the direction of the forces, we have l"I-la and PHR 
as the resulta11ts, or the directions assumed by the needle, and the 
angles HPHR and HP'I-h will be the declinations referred to the mag­
netic north. Sinec the magnetic north is, however, about 1½0 west of 
the true north, iu the longitude of western North Carolina, the observed 
declination must be corrected by this amount to i,>'ive the true declination. 
In actual work it is more convenient to refer declination to the mugnetie 
north, and conscc1uently this is always done, and the custom will be 
followed here. 

The points al which there arc no declinations arc always situated 
over the middle of the strip in the case of vertical layers, except where 
the strip strikes E-,v., in which case it is indeterminate. The line join­
ing these points of no declination indicates the strike of the strip. In 
the case of strips striking E-W. the strike is parallel to the line joining 
the points of maxim um declinations, and the strip is south of this line. 

The poinls at wl1ich the local attraction H' is a maximum arc de­
termined by the fact that they arc the points at which the declination 
of the needle is a maximum. They occur on each side of the strip and 
at equal distances from the magnetic line. This rcl.i lion gives us a 
means of detennining the cover over the strip if its width is knowu, 
or its width if the thickness of its cover is known, for: 

il'=h'+a' (1) 

in wlti1:h d is I h · dis ta 111:r of a point of 111axirll111u decli11a.Lion fro111 th,• 
mag11clic li11t· ul' no dcclirn~tiuu meu.-ur ' d at right angl<'s Lo the slriJ;c 
of th, strip; Ii is the d •pll.t of evv •rover Lhe 01· , and a is bid!' lli ' width, 
or thickness, of the strip. Since in most regions where magnetic ores 
occur the cover is not cq ually thick cYcrywhc1·c, and consequently the 
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ore is nearer to t.hc eompass at some stations than at others, and, more­
over, Lite strip is not equally wide everywhere, nor uniform in iLs con­
tent of magnetite, the magnetic and maximum lines will rarely be straight. 
They will curve more or less irregularly, but will on the whole follow a 
generally uniform c:011rsc, so that there is rarely any difficulty in locating 
the general position of any ore belt within comparatiYdy narrow limits, 

· though its exact position at any given point may be somewhat doubtful, 
if only the record of the dial compass is considered. (See Figure 8.) 

All the relations discussed above relate to a strip of magnetic rock 
that dips vertically. Usually, however, the dip is not vertical but is 
more or less inclined to the vertical. Where the dip is high, as in the 
district under consideration, tl1c correct location of the lines of 11111xi­
mum and of no declination determines the dip of the ore body and also 
it.~ boundaries. Smyth•1 has shown that when the dip is involved the 
equation given above (1) becomes 

ci.2=---

Sin' dip 

111 this case the line of no declination is not half way between the lines 
of 111axim111i1 declinations, put is always nearer the maximum towards 
11 hieh the rock dips. This, therefore, gives us a means of determining 
lhc direct.ion of dip. 

The location of the lines of maximum declination gives also some 
idea of the position of the boundaries of the magnetized strip, for its 
width can never exceed the distance between the two maximums. 

In the practical application of the method of declinations to pros­
)ll'ct an ore liody, it is simply necessary to set one's watch to dial time, 
as l'xplaincd above, and then occupy successive stations on lines crossing 
lht• d<•Jmsit perpendicularly and read the declinations of the needle, after 
scl ling the compass so that the shadow of the thread will fall on the 
1·01Teded time indicated by the watch. It is best to place the compass 
011 a jaeob's staff or a tripod to hold it steady, and to read after the needle 
sl'l\ll's. Usually it is satisfactory to cross the strip at intervals of about 
'W fl·t•t and make observations at intervals of IO or 12 feet. There is 
110 ueed to locate the stations beforehand. It is only necessary to stop 
t•1·1•1·.v 10 feet as the strip is crossed and to set the compass at these stops . 
. \fler all obsei"vations are correctly plotted it is easy enough to draw 
lines through the points of maximum and zero declinations and from 
llil' plol, to determine to position, dip and extent of the magnetic strip. 
If ii is discovered during the course of the plotting that a mistake has 
li<•t•11 made in assuming the direetion of strike, it is easy enough to 

'
1Smyt,h, H . L., rrl'ans. A1ne1·. Inst. ::\fin. Eng. voJ. 2G, p. (>40, 1800 . 

l l 
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J 
change the traverses across the strip so that they will be at right auglcs 
to its strike. 

THE DIP NEEDLE 

The dial ,·11111pnss registers the strength of the horizontal compo­
nent of the magnetic force by which it is influenced. The dip nee<llc 
registers its vertical component. The <lip needle is a more rapidly act­

F1 o uuE 5. Di1, nct!Ulc. 

ing instrument than the dial compass and 
for preliminary work is quite as satisfactory. 

' It consists of a magnetized nee<lle so pivoted 
as to swing in a vertical plane when sus­
pen<led loosely from a support, usually the 
hand . (Figure 5.) To avoid the effect of 
the horizontal component of the magnetism 
the instrument must be held in the magnetic 
meridian, i. c., it must be hel<l so that its 
vertical plane makes the same angle with 
the true north as does the compass needle. 
The amount of deflection from the hori­
zontal is read on a vertical graduated circle 
and plotted at the point representing the 

' position of the station occupied", indicat­
ing with a plus sign depressions of the north 
end of the needle and with a minus sign 
depressions of its south end. Lines arc 
drawn between the points of equal deflec­
tions (see Figure 6), and inferences as to 
the extent of the magnetic body arc de­
duced from the map thus pro<luccd." 

In practical ,;·ork the <l'ip needle is first tested at some place where 
there is known to b1! no local attraction and its deflection is noted. This 
serves as the zero point against which other deflections arc read. If the 
needle is accurul ely liafa11 · •d for Lite dis trict I eing studied t he div ·rgcnec 
from the zero grada I imL in lb• ver tical ·irdc will be 11ot l1i11 g and lhc 
ddle tions due lo loc,d utli::'.1ctions :Lrcr cad directly. In the mo11nlni11s 
t he statiuris o ·c 11Jiit•<l ui.ty b , the same as those occupied when rca<liug 
Lhc dial compa~s. l,11 L if only the dip . ncc1llc i,, emploJt'd il .· hould be 
rci:t,d a l interva ls n[ a l>oul Ml feet c: rossing Ute belt a nd J)~!rl1aps UO fl·c! 
along il~. t rike. It is impossible to di scuss in detail th · 111 1::,Ll10d of i·ulcr· 
preting dip maps. :\lcssrs. Brod ~rick and Hotchkiss lia vc J.oue this i11 
an admirn.ble m:w11c•r in t h• lwo a rticles refcrrt!<l to above. In hrid, 

u:For Ui.sc ll!tsiv n of construction of dip needle and theory of its action sco : H otchkis~, 
W. 0., Minornl lnm! classillcation: Wis. Gco l. and Nat. Hist. Survey, Bull. 44, pp. 75-1~0 

1915. 
usco Broderick, T. ?\I., Some r,mturcs of 1nngnetic survcrs of the magnetite deposits 

of the Duluth gabbro: r: con. Geo!., vol. 13, p . ~5. HHS. 
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however, ii 111ay he stated that the al.traction at auy point may be <·on­
siderc<l as hei11,g 11m<le up of two components: (1) the normal altritdion 
of the eartli as 1lctcr111inc<l al some poinl far from railroad tracks, trolley 

.. ·o-. 
~ . ~ ;~ ;: 
. . ··· · . . -. . . •. o :. ?-: · .. ·>:· 
6 1oc.ial . •·0~,Q-. _- ~t -· . • ·· ·;~. , . • . • ·o . · 

'.:~ci::\ ·'.:-~:H.:~ttJ~j :·{)~::\:_-~ {: --/-:-~·:; 

~iit\i\~ ~\\\\\\\\~ ' 
l4"10 11 u t! 7 . Diat,;"ra1n illustra.tin.,; tho effect of a burled 1nagnctic strip upon a di1, W~dJ~ •~~l~i[,"~J;:.!\1>ositions and the method of determining t:.l~o depth to the mai;nct. (After 

wires or other disturbiug influences, and (2) the local attraction <lue to 
buried magnetized bodies. In Figure 7 the effects of these two factors 
arc shown at 3 points in a traverse across a steeply dipping magnetic 

5 
, I I ti )1 

J,' 1111 ; 11,; s . lJlai:;rnm illn.slrrLliU J..:: Lhu u..su or Lhc dlal con 11m. i1-ttd tU11 11 •CdHs lO t~•tl.T 
a 111ag n1.;tk lino in t1' 1ut'l!tt C11 L!ount,y \Viscnnsin . 'Phll IJ.u•i.;t; Ug-ur, •s :u·o ungula.r dt.·flcctWll.t 
of t lu.) cuwJ>a .. 'ls: n ·utlh· , nud t. hu small U.b,~1· •~ .:u·c de ·li11at. ln1 ts u( Lll c (Lip no •die. 

fl'h u d.in ~r,1111 shnws t.h(• i mporltuu·o or 4;.•1u11hicdug tllal untl ,lip 1·t•:uli11,;s tu ,l qtc<·L , h,• 
coui":;c ur n m:11,;nutic ::s t.,rip : II Ml <.linl 1·cat.1i111,.s alo 11u hucn t:on:il1.h-n•d l1hu s u·i1) 1ttlgllt ha\t 
be •u thoui;:IH to ·nnLb.tuu to Lile norLlnns;L. (Afkr W_. 0 . H utchkl,,'>j.) 

EXl'LllltA'l'lON !ll 

luy1•r. 'l'ht~ lines JI s rcp1· •:;e;, ttL Lltl' 11tal-(11i I 11dl'.:i a1td Ji1•(:c;Liuns of Ll1c aL­

tracliu11,; .,bseL·v •J al poiuls wh~r · l{,. n :pres ·nl. · Lhe direction aud 

111ag11it.11dP of Ll1c carlh's no n ual :it l.raetion and JIL llte c;orrcspunding 
foelors of lhc )ocal alLracLion. IL, is lhc rc~ullttttt of IlN and ll... Jf 
tlui s ln:11~tl1 and dircetion <>[ Lh earlh 's ttl Lruction" is known, .~ i1rne 
Ha is Lh • uhsm:vctl dip of Llw ncc<llc IlL can b' p lotl ·d liy com 1 l •Li.11g 
the q11admngl , of whi ·Ii Ilu is tltc <liugona.l. This line wi ll tl1e1t giv<: 
tli1: dir •<· t ion of Lb , loca l u ttraction from tl.1c p inl t>f observatio11. If 
Llin:e m· fouT obsc1Talions a.re made and the Jin •s ll L arc projecl •<l. down­
ward L11\:ir poinl:,; of intersection wi ll indi ·at· Lite upi,roximalc posiliou 
of tit, aLLrn ·ting bo<ly. The matter of deplh i uol imporlanL UL Lh · 
ens• of Lh <l •posits in the nwuntain dislrict because the re bo(li •s itl1er 
uul ·rop or are so near the smfa · • that they b ,have toward. the dip 
ncc<ll , us tl1ough out ·ropping. The principal us• of Lite needle is Li 
dclccL t he <lcposit and serve as a. means of estimating its npproximaL · 
lenglh and breadL11 . It is mploy·d pri u ·iva.lly for confll'ming the in­
dicatiorn; of the dial ·ompass. 1\1.oreovcr, since its use docs noL d •pend 
upo 11 Lhe sun it may b employ •d on doudy <lays for detecting tl1e ap­
proxilllatc position if a magne t it' deposit prclimina.ry to more. accurate 
work witb t he help of the <lial ·ompuss. Figure 8 illustrates U1c mdhod 
uf Lmc.i11g a curved magnetic liuc by combining lhc r •cords of dial ·oll.l­

pass an<l dip needll'. 

A 
B 

THE MAG NETO METER 

From the observations made with the dial compass or the <lip needle 
lit!' presence of a layer of magnetite of reasonable size, its dip and ap­

''For t.hn nicthoc.J. uf ctutcr1ninin~ the lntcus lLY am.I Liil'cCLion of thu earth's 111a~nctisn1 
:11111 the inl..uu:,.ity in.tlicaLl•d lH' the vibrations or tl.H? <LiJl ncclilc. reference should be n1adc 
'" tho arti<,h, uf ,v. o. Ilut clil iss , OJ> . c i t, Pi>- J:l:,-1 :.Hi , 
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proximate wi<lth may he determined. But the ddcrmination of these 
features docs not afford an accurate means for deciding as to its size. 
This may he better accomplished by the use of the Thalen-Tiberg mag­

netomet~r (l◄'igure 9), which is an instrument desig·ned for making ob­
servations in the vertical as well as the horizontal plane, and for record­
ing their iul!!11s.i 'Lies directly. It is a much more difficult instrument 
to use than either the dip needle or the dial compass, and its use requires 
that the ar<·a to be examined shall first be surveyed and stations estab­
lished. Moreover it is slower working than either of the other instru­
ments and consequently a survey made by it is much more expensive." 
If it is desired to employ it to outline a little more accurately than can 
be done by the use of the dial compass or the dip needle, its manipula­
tion should be entrusted to a professional engineer who is Iamiliur with 
magnclic surveys. A skilled engineer may determine the size of the 
area. und ,rlain by magnetic material and m ay outline its borders, but 
even with ·the aid of Lh most pTeci:,;e inst rument s he cannot determine 
the value of the deposit without sampling it and analyzing the samples. 
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F uHJn;1 10. l\•fa p ~l,owing hH>,t.l YnU-n'l.i~~ l.l.lt.<.:s oYcr. a b ul t; or_ n~~g-r~u~i~-rock ~!0J'r[l~~1liJ~~!; 
uniform wi<lt.11 outt:1·op1m1g fst:clY in n rnu l(h cou n t.r), 'rho Ii rcJ;_ul,u cou,r8C1! i ' I wldl'lr 
a.ro <luo mai n.ll i u t111J ra ·t. t h oLL Lhu dh;tu_nco ur 1.-bo mag-ne t r1·on1 t.ho 1nstru.mcnt. \'nr c, 
beca us o of Llw irrc11 uln r surfncc, (After H . L . ::l)llytb.) 

In outlining t he si;-.c of a magnetite deposit the . readu1g~ .,r llic 

magnetumell' r ,ire p lotted :L-; in the case of the djp needle a~d _dwl_ 1·" 111 · 
· d 1 · · · ti · •" f 1 · d s w11hr wti- 11 • p nss .un d a map l li ma e JY Jo11lln g 1e pom..,. o equu ,Ln • 

sitie · by Li Ill's . Posilive intonsitics arc indicated by 11.nf' color 11,i'.d 11 1:i;u­

t ive intens.ilirs h y another . l\llaps of this type ar known as 1s<'.1·hnal 
or i ·odynnnaiL· <:11~rts, as they delineate t he vcr ti •td or horizontal inl,·II· 

sities. Tl ieir general fea tures a rc shown by J?igur · 1 U and by 1?"~ 
. . d . f . d b M . S I1 Ifu1111ll ,111 XIX, wl 1u·li 1s a rcpro uct1011 o a m ap ma e Y , 1, • · 

in the vicinity of the ,vildcr mine. 

SAMPLING 
. . d • · d ·t com11ositiu11. The Yalue of a deposit depen s upon 1ts size an I s · . 

I . l . sources or irull Deposits of magnetic ores owe t 1e1r va ue as econonuc . 
. . 1 l\·1 t f ti l lrtl'l' to 111 ore to the abundance of mn gnetite Ill t 1cm. os o 1en ' 

HFor a. tlis<.'l;s~-d on of the magncto1nctcr sec Smyth . H. L., The magnctollll'tl'r "' 
1 

horizontaJ instruuwnt : Econ. Ocol., vol. ::S, µ. 200, 1908. 
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concenlrated before use in the furnace and the cheapest methods of con­
centration arc based on the magnetic property of their ore-mineral. 
Some of the minerals associated with the magnetite are iron-bearing, 
bnt since they are not sufficiently magnetic to be attracted by the magnets 
employed in concentrating plants they pass into the tailings and their 
iron content is lost. It is necessary, therefore, to determine the propor­
Lion of magnetite to gangue in a deposit before it can be decided whether 
it will yield sufficient magnetite to pay for mining and concentration. 
This may be done by making a magnetic separation of the magnetite 
from the gangue in crushed samples representing the average of the ore 
liody. As chemical analysis is more convenient and cheaper than 111ag-
11l'tie analysis, when small samples are involved, it is better first to 
dctl'rmine the quantity of available iron present in an average sample 
lo discover whether it is advisable to make a magnetic separation or 
not. lf results are favorable it may be well later to subject large samples 
lo magnetic analysis by running quarter ton lots through a concentrator 
after they have been crushed to the propet· size. (Compare page 69.) 

The satisfactory sampling of ore-bodies like those in the pre-Ca111-
lirian rocks of western North Carolina a nd East Tennessee is a <liffi­
n1ll a<"complishment because of the coarseness of the material and its 
rude banding. In order that samples may correctly represent the ore­
hod~· they must contain gangue and ore in the same proportions as these 
l'Xist in tl1e deposit. The tendency of the prospector is to discard sam­
pb 1·ontaining little or no magnetite and to select those that appear to 
111' rid, in ore. If this is done the samples serve no important purpose 
bl·1·ausc they will not represent the ratio of gangue to ore in the ore­
liod,1·. IL is well to cut trenches to the solid ledge across the full width 
of th1· deposit at intervals of 100 feet. To avoid unintentional selection 
a n,nl should be knotted at equal intervals of :! or 4 feet and stretched 
1111 • ll·ni.:th of the trench, and, as nearly as possible, equally large samples 
.. f ~•·1 11•ro11: size should be broken from the ledge a t the places indicalc<l 
1•.1 lb,· k11ots. The • should h • numb red .tnd the urrcsponding m11n­
l,,.r,, i,, ~l'rl cd on 11 map. The snmple.-; should lhen I • .walyied for iron, 
1,l,. .,pl1urns and su lphur, nu<l the results nlso indicut ed on the map under 
11 11· proper sample number. In t his way the d istribution of the (}llj' ore 
111 llu• surface migh t be leam ed and this n"Light lead to a decision whe l11cr 
'.'' 1111 1 it 1rnuld be wor lh while lo sample more t horoughly. If the s ur­
t.,, •· .,:t 111 ph·s are promisiug furlhcr examination should be und1~rl11kcn 
1 111 1 llw cli a111und drill, under t he direction of a competent driHer. Tl1c 
drill ~la1111ld h • of such ,i size as to produce a core an inch in dium te.r 
~u, I ., lin11IJ h • s, placed as Lo cul acsoss the deposit. 

.\ great <lcal of care is necessn,ry to secm·c a satisfactory <.:ore that will 
r,•j•re"' 11 l accurately t he ma terial drilled, aud com;equ ' ut ly it is much 
u,,,r,· desirable to l1 ave the whole operation of drilling directed hy un 
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('llµ;incl'r tl1a11 to all\·lllpl it without sud1 supcn·ision. ln all cases the 
t·on•s sliould be carcl'ully a11d distinctly labelled witl1 the number of the 
Jrill hole and the depth at which obtained. The positions of the hoks 
sliould lie carefully selected (compare Figure 11) and should be plotted 
on the surface map on cross-sections through the deposit and the char­
acter of the rocks cut through should be indicated in the pr;oper places . 
~a1111iles of the ore layers should be taken from the cores at fairly close 
inlcrYals and analyzed for iron, phosphorus and sulphur, and the results 
of Lhc analyses plotted on the cross-sections. Upon combining the 
('!'USS-sections and the surface map and drawing lines through the various 
points oulliuing the areas within which analyses show the presence of 
ore of value, the size of the ore-body can be determined and its tonnage 
csti111aled. As the ganguc of the magnetite ore is mainly hornblende 
it is easy to calculate the approximate tonnage of magnetite present in 
a deposit if the ratio of magnetite to ganguc is known. About 7 cubic 
fret of pure magnetite weigh one ton, and 10 cubic feet of hornblende . 
If the erudc ore consists of a mixture of 30 per cent. magnetite and 70 
prr n·nt. of gangue, it will require 9.1 cubic feet to constitute a ton, 
a11d of this weight :m per cent. will be pure magnetite. 

Before plotting drill holes their actual positions and courses should 
1,r d1·lennined accurately. Very rarely does a drill hole follow a straight 
rnursc through rocks like those associated with magnetite ores. l\Ir. 
ll:1111illon"' declares that all drill holes in such rocks will begin to meander 

, ,r 11 _F
1t: 1

t
1
1: .1:!. Imaginary sketch of section across an ore-body to show how the n1can­

....___: u~ ( nil hole n1ay result in missing an ore-body. (Aft.er S . H. Hamilton .) 
11

l"
11

1n1hlish~d rcvort of the Tennessee Geological Survey. 
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aJ)preciably after rut ·l1i11g a. dcplh of severul huudrcd feet, und the 
greater the depth Ll1t• greater wi ll be Lheir clepartuJ"c from a stmight 
course. The meantl •rin g i · leasl wl.terl: the drilliug is perpendicular to 
the <lip of I he fornuilioil. In ·omc <;a;;cs the deviation of a drill from 
a straight line is so i;rcat that it may uot toucb the ore-body to which 
it was tlir •c:tc1I and thus may give ,w entirely crroJ1eous impression of 
the undergmnnd conditions. Figure 12 sketched by Mr. Hamilton, 

illustrates this i>oinl. 
In view of the known deviation of drill holes from the direction in 

wbiclt tl1c.,· ar1· slnrted, it becomes 11ecess:try to sw·vey tlu~m hdm·c 
plotting, i;t ortlt·r that the actu tLl positio11 of any on.'-ho1lies cut by tlH.! 111 

may he ddennincd. Experie11cc ha.s ~l1owll that Lh '.Y 11rnst b · kst ·tl 
at interval~ of al,uut 150 feet for bot h ·ou.r:;e and iu ·linution. This is 
done h, l01n~ri11 g into the hole a. s1mtll tube into whi ·h some fluid etchi ng 
agent is cndoscd , a.nd f1·eeing the flu.id at tl1 depth at whicli the test is 
to be made, Ll111s ,11lowi1Lg it to •I.ch lhe w,Jl of tl1e Lube. By carefully 
controlling th,: lowering of the lube ;w<l noting its revolution during its 
descent, <lata arc obtained from wkich the position and inclinutio11 of 
th tuhc •an l,e m l ·ulated; a11d from I he r •btive positions of the tuht 
at succt:ssiY1: .in len·als of depth I he ·oursc ol' the hole can be determined 
and plotl1•,I. ~i11ce, l,owev·r, this prnccduni is a complicated one, .iL is 
not pm ·Licahl,• for ffny oue not un exper.ienc •d engineer to employ it 

successfully. 
Thus, wlaik the preliminary cx.aminalion of an ore deposit might 

well h und~i-Lakcn by any inlclligcnt lll,m, its thorough. examinatiun 
should be entrusl,i<l to an engi11 •e r in good standing, before nny lnrgr 
amount of money i1; spent in developing it. 

CHAI'TER VI. 

MINES AND PROSPECTS IN SILICEOUS 
MAGNETITES 

GENERAL FEATURES 

Only one mi'nc, that at Cranberry, is now working in the siliceous 
magnetites. Formerly several othel's were operated for short periods 
on deposits like those at Cranberry, but after the bi!;;t. ore near the sur­
face hud been taken out the mines were abandoned, in most cases before 
Lhcy had been thoroughly explored. At a few places explorations haYc 
been fairly extensive. Some places have been abandoned because 110 

la1'ge deposils were developed; others, because the crude ore required 
co11cc11tmtiun before suitable for the furnace, and still others because 
too far from railroads. In most cases the records of the explorations 
have been lost, and there is now available no information as to what the 
work disclosed. Most of the openings in the district are small pits that 
furnished ore to the old forges that were scattered through the mountains, 
hut very few of these went down into the solid rock. In some places 
the ore fragments were picked from the soil by hand; in others the soil 
was washed and boulders and finer fragments were shipped together. 
Other opcuings arc pits and trenches that uncovered solid rock. These 
were used in prospecting, and when the width of the ore body laad been 
exposed work ceased. :Many of these openings have now been filled by 
wash, but some still show the rock. 

Nearly all the information available as to the relations uf the ore 
!o tl1u _v<.: in s in which t hey occur hus l>eeu obtained tiiLl11!r l'rolll t lw opi:n-
111 ~~ ol tl1t: C.:ranbcny m.ine or l'roin t l1 , maleriul in th• durnps of Lli • .ihau­
.!uucd 111i1ws. The prospect riits laave bct-11 of valu, in showi ug Llial 
llll' 1·1·i1t~ on which they arc situa ted arc like I.he ,·ci11 aL Crnnh •rry. 
'l'IH· uld pit,; serve to locate tho positions ol' veins nut ll<Jiv t·xpused. 
ll1• ,,·1·i!ilious of most of the older Ycins are lo he found in the rcpm·L hy 
\I i•. ~1l1.t••1 on Lhe iron ores of NortJ1 Carnlina. Some of these arc re~ 
prudui·,·d in the following pages, and many references have been ma.de 
111 lli,•111. Hcf •rcn ·es nre a.lso 1JJadc repeatedly to an unpublished report 
1'.,'· :\Ir .. S. TI . !--famillnn to the 'l'enness c Geological Survey for descrip­
ltous ol deposits not :,;c •n by tht; writer. 

CARTER COUNTY, TENN., AND A VERY AND MITCHELL 
COUNTIES, N. C. 

THE CRANBERRY BELT 

. 'l'lil' only mine in the State producing siliceous magnetite is at 
( raul,l'rry iu Avery county, N. C., on the East Tennessee and Western 
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North Caroli11a IL ll., about 3;l miles from Johnson City, Tenn. Al­
though other deposits have contributed lo the output of maguclic ore 
fron~ time to li111c the Cranberry mine has been operated almost con­
tinuously for many years and has contributed a tonnage many times 
greater tha11 Lhal of all the other mines combined. Its ore is famous 
l.,ecause of its low content of phosphorus, and the metal made from it 
has been eagerly sought by manufacturers desiring unusually tough iron. 
The character of its ore, however, presents no specially peculiar features. 
There arc many other deposits that might furnish ore of the s;unc qua­
lity if the qua11lity ·were known to he great enough to warrant the erec­
tion of a pla11l of sufficient capacity to keep the mining costs at a rea-

sonable figme. 
Careful mapping of the known deposits in the two counties suggests 

that most of l he 11011-titanifcrous magnetilc ores lie in a belt that follows 
the structure or the country from Cranberry west and southwest to the 
Toe River (Plate L), beyond which no openings have been made and 
110 outcrops of ore have been reported. The Big Ivy mine in lvladison 
County is al)l)ul '!ii 111ik·s southwcsL of the point a t wl1id1 L.hc !iJH~ ol' open­
in,?;S i1.1 l\lit<-lll'll C1i1mly crosses I lic Toe River an<l thi s is tl1011ghl by 
Nilze to he in lli<~ sarn,· belt. Si JLcc the deposit~ iumwtLiall·ly norlh of 
the Toe Hi, <·r me widely scatlered and no connection has been traced 
between any 011c or Lhem and the Big lvy mine, it is more reasonable 
to regard Lhl' C'ra11berry belt as en<li11g at the river, than Lo suppose that 

it exten<ls lo l lit· Big Ivy mine. 
This lil'I l ot' deposits is the mosL conspicuous in the State. Its hl'st 

known deposit is al Cranberry where the Cranberry mine has been oper­
ating sinC'c 187!i, a11d from which, before this time, ore had been taken 
for the use ol' Catalan forges as far back as 1820. The belt ext.ends al 
least as fat easL as Vale, which is 4 miles southeast of Cranberry, beyoml 
which Ca111briall sediments cover 'the pre-Cambrian Tocks in which the 
magnetites o<·t·m and consequcnll y prevm1t fmthe:r tn,L ·ing of the bdt. 
To the wcsl il extends across iu lo Tenm~s~cc lo beyoml Doe River, a 
distance of 8 111iles. Here it is lost as a distinct belt but a few deposits 
between the Ilorsc Shoe mine on Doc River and lvlagnetic City may 
mark its course. Nilzc'" thinks that it bends to the southwest, passl'S 
close to Mag11dic City and continues south and southwest toward He­
lief on Toe lli\'er. Near Toe River are a number of small deposits, bnl 
they arc <lislrihuted over a strip of country 2½ miles wide, and arc 
therefore 11ot in a definite belt, like that at Cranbert·y. 

CRANBERRY MINE 
General description of mine and ore 

The mosl notable deposit in the belt running from Vale to the Doe 
River is, as l1as been said, at the Cranberry mine, on the east slope of 

uop. cit .. , J)JJ. Jti8-18~. 
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Craulu.:rry Llid .~c. (.'ce Plalcs XH and X III) fu I H'iu the mint· 
<·:u111· iulo Ill<' 11w;scssion of ils pn·sc•11l uwn rs an<l. i11 IH8~ it was con-
11eded wilh Johnson City 1,y ra.il Ju 1884 a small l,last furnace was 
built and s melling uf tl11.! or• was l>cg un. Later, iu 1!)00, this fumncl' 
was al1H.ndn1w,J. :i largur on• JmYi11 g I, •11 built by the Cr:.u1b •rry Fur-
11acc Co. al Joh11so1J Cil.Y (,Plat• Xl V), and since lHay, 1!)02, the ore ha 
been smelled thcrt!. The cap11 ·ily of the furnace is 100 tons of pig 
irun <fai l;y, :111tl llw C nwherry 111i1ll' l'u r11ishcs most of th· on : frnm whil' il 
the irun is prod11 ·ed. inc 188-~ Lit ' mine has produced ab 1ut 1;250,UIJll 
Lons of l.Lll'rclt:Ultahle ore, during the past 4 yc:u-s (1!Jl7-18-1!l-20} nl 
the ra'l<! of a huu t (ill,000 tons ,L11 11ually . Thi:! mi1t • was ·loscd I •111-

porarily in January, 1921, but was again working in l!H:3. .. 
The or1~ as it com ·s from lhc min•· is a non-titanil'erous magnctil1-, 

wl1ich may he almost pure, m whicl1 may be inl.imaLcly mixed with 
lwr11blc11dc or wilh homblcnd ,u1J ulhcr componcnls oF Lht: g:mb'uc 
to be dcs<:rilicd lalcr. Formerly U1 • pure ore was .·eparatt'J from lhc 
leuner protl11d. hy hand-pi •ki11g ,tnd tl1e leaner ore was 1:rushcJ l,1 a 2-in ·h 
siz •, fed in lo tt log-w:\slt 1· and from th is to a scr c11 for sizing, and ttfll'r 
sizing the narious porlious we re ca rri ·<l p as!' 1Uagncl.· by whidi th,• 
ricl1(!r 111al •rial was s •parnlcd from the lean porlion: whi ·h wcr • c11rric1l 
to Llit: wns l1· pill's. Tl1e finest porliuns pasSiJ1 g the screen w •re wuslt1·il 
hy a slr •am of wa l •r Lo a separate magucl by wl1icl1 Lhc o r• was ·1111-

central ,J. Tl1e ·onecnbralcs were then sere •nod by a 10 mesh sc1w11 
into liucr :ut1l ·muser port ious . Duri.ng l111:! last l\\'o years ull lhc on· 
was shipped lo Ll1e f11rna -~ as 111i11l•d, without further co11ccnlmliu11 

than hand-picking. 

The t•hcmic::J character of t 111: ure and 
0

the cff •ct 11pu11 i L of 11rn ~-

11 •tic co11c1:irtrnl.ion l1as a lready hc<'tl liscussed on pag •s 5!:! nnd ti!I. 

All t.lw n11:Jysc.'i b,ivcH on these p,wcs \\'ere For comm •n·i,tl purposes a11d 

arc on1y partial. Two complcl · :u1alyses wt•re mad• Ly I.he <"lic111isl, 
of Lh(' TcnLl1 Census .. , one of a sd ·1:kol sumpl • of nearly pure 11111~.11,•lil<' 

(JJ) a11d lit• ol lier of a mixtur • of 111.ag11 ·l.il • 1U1d •pi<l.oll: rc prc:sc11ti11~ :, 

lean or• (.1l ). These arc quoted h1:li>w. A Lhi.r<l auulysis of a ~l'krl
1
•
1
I 

stu11plc was made by Mr. J. G. E'air ·hilu vf the CJnilcJ Stales G1•11l11;!i
1
•
1d 

SnrY y . This is r ·corded bt>luw uud c r ( 0) The figures u11d,·r (/J 

reprcs<•llt lit• composition ' ' of Iii • sl1ipping ore fro111 th so uth nin ,.f 

111 • Ili c;hard mine , M.orris c:ouuly , N . . J. · 

u"'i11is, ] 1aikf, !'~ol<s on sam11lcs of fro11 ore collccicd in Norllt l'ul'olina: UJlh t\•
11

~••·· 

U. s .. vol. 1,,. Jl. :;~u. IS!iG. 
1o}laylcy, "\V. U., Iron n1incs and mini11~ _in Kew J~l'scy: Geol. :-;u1·vc) of :'\cw Jl'l~l') 

vol. 7 of Urn Final HcporL Sul'icS or the ~Hate (ieolo.,;:ist. p. 11;1, lUlO. 
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Silica. . . . . . . . . . • • . . (Si0,) 
Alumiua... . . . . . . . (ALO,) 
Ferric oxi,k. . , , . , ... ( Fe,0,) 
Ferrous oxid,· . . . . ... (Fe0) 
Magnesia .. . , , .. , ... . (Mg0) 
Lime. . . . . . . . (C,,0) 
Soda ......... .. . . ... (Na,0) 
Potash . . . . . . .. . . .. . (K,0) 
Water at 110° , ... ... . (I-1,0-) 
Wutcr abon· 1111 ° ... . (Il,O +) 
Titunium di11xidc .. . . . (Ti0,) 
Carbon dioxide . . .. .. . (CO,) 
Phosphorus pc11loxidc (P,O,) 
Pyrite, . . . . . . . . . (FeS,) 
Nickel sulploiJc . . • . . . (NiS) 
Sulphur , . . . . . . . ... (S) 

Sulphur t,·ioxicl" ... . . . (SO::) 
Vanadium IH'lltoxiclc . . (V,0,) 
Mangnnous oxide . . . .. (Mn0) 
Chromjc oxid" .... . (Cr,0,) 
Baryta-: . . . . . . . . . . . . (Ba0) 
Strontia .... .•.... .. . (Sr0) 
Fluorine. . . . . .. .. .. . (F) 

Total . .. ' . .. ' . . . . . . 
Insoluble ... . . . . .. , , . .. 

Iron . . . . . . . . . ...... (Fe) 

Sulphur . .... ... . . .. . (S) 
Phosphorus ... . ... . (I') 

Phosphorus ralio . .. (l':Fc) 

A 
~n. !)!) 

](). 07 
2,; . 11., 

18 . !J:: 

1. i8 

11 . !l!l 

. !l7 
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. 07 
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. 18 

. 0!) 

. 7U 

100. 134 
43 . (i() 

3!l. 37 

.128 

.010 

.031 

n (' 

20 !J!J f) ~7 !L~7 14.~8 

-~ . G:l 1. 18 1.41 1. 08 
(i:2 ,.;7 !;0 . 35 
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. 008 
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The ore is 1tolablc for ils low conlc1il of phosphorus an<l sulphur. 
IL clif.l'ers fro111 llit, Lil1u1il'crous 111 a.g-n. ·tiL,•s in ils low (:011tc11t of Ti(), 
o.nd in till' ulisl'll t'e ol' C r,O , (~Cl! page 1 !l.) It is v,·ry similar lo Jill' 

ore irr the g1u·isses of N •w ;lcrsc, ' , l>HL i:onlains J ,s~ pliusphuru~ and lt-ss 
tita nium. .i\ l on·u\'<;r, vau11di H.1n i. p1·ese11L in Llw N,•w .Jc r~cy ore :11111 
in all otl1er New ,Jersey 1uag11 elites in which it has been sought, wherl'a, 
it is abscnl from the Cra11I crry ore and, so for as known, from all olh,•r 

North Carolina magnetic ores. 

The ('rnuln•JTY Y •i11 , wli.i ·11 1' 11C" i (),,1 ~-; Llie dcposil al In• 1ni11c: , has h,·I·I1 

traced for (i,-Wll l'c,: l h.r pils, c uls <1m l tLll<lcrg rouuJ workin i-:, ~o Uml ii 
is n:g:mkJ a.--: lwiu~ c o11Li11uo11i; Llinl11g li Ll,i s di s lanec. (l'l all' X\'., 
I t i~ nOL so, l10 \1'1ff ,~r, wil11 Ll1 1· workal1 le ore. Thc ni ,u c ~t rc l1 ·l1<·s uf 

·the v ··iLt Ll wl 1·11 11l;ti11 such small 11trnn liLi cs of available u1ag111•til<' ilwl 
th.ey may h • n •g:1rJ •J as barr •11 . \L otl1m plucc!'l U1c magn cli l1: i, ir, 
sufficic11 L ,pImI I i ly Lo wa1T1tnl 111i.11in g-. In till c;.1.ses th e o rc-bmli,·, li.­
withi11 LI,,. \'1•i11, lrn l Lhcy arc ~l'parutcd from on• anotl1 •r by k11glh, uf 
t h vc.i'11 Llw l an• oecupicd 1uainl_y liy ganguc. (l'lale X \ J.) B:u l· ,· l"L'U 

in. t-hcst• '!Jlll'I i,1 11 , Ll1l'l"c is ahrn ys ,1 I.ill le nrngnctite in s b·i11 gs or thrt•Ju l, 
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connecting the lari-:er masses (the ore-bodies) with 011c another. In 
response to an enquiry made to Pre;;ident Howe of the Cranberry Fm­
nace Co. the statement was made that in going north in the Cranberry 
mine, while at times the workings "passed through barren places where 
the ore almost <•ntirdy disappeared, it has in every ease been the fad 
that it did not e11tirdy disappear, and there was always a little thread 
of ore connecting together" the different deposits. Moreover, it is 
true that in eaclt of the openings on Smoky Mountain, southeast of the 
mine proper, ''lioth at the south and north ends, as far a;; we have gone, 
there has been at least a little thread of ore left indicating the possibility 
of their leading on to another lens." 71 

The coun t1·y rock surrounding the Yein consists of a crushed and 
sheared complex of acid feldspathic rocks, some of which arc dark gray 
and others almost white, occurring in alternating layers with blaek 
gabbroitic gneiss, believed by Keith'" to be portions of the Roan gneiss 
which have been intruded into the more acid rocks. The lighter colored 
layers constitute by far the greater part of the complex, which has been 
called by Keith the Cranberry granite." 

The vein follows the schistosity of the country rock. It varies 111 

width from a few feet to 200 feet and is extremely complex. It com­
prises a plexus of rocks in the midst of which occurs the commercial ore 
:is a series of lc11ses, which so far as development has gone, appear to 
have no pitch. Tl1e plexus is cut by pcgmatite and by veins of almost 
pure magnetite. The pegmatite cuts irregularly through the vein plexus 
twisting and turning in a complicated way and gradually fingering ont. 
In some placl's it e11closes lenses of ore and in others lenses of coars<-, 
green hornble11de. In places it cuts comparatively cleanly through 
the other rocks, often with only one sharp wall, rarely with both walls 
sharp. Usually the walls arc indefinitc--the pegmatitic nw-Lerial grad­
ing into gneiss, so that frequently there is a little seam of gneiss bctwce11 
the pegmatitc and the vein matter; 

The main J>Ol'tion of the vein, aside from the horses that occur i11 
it and the veins of J>l'gmatite and magnetite, consists of masses of horn­
blende, or of hornbiende and m:igneti te, of hornblende , and epidote, of 
epidotc and magnetite, or of epidotc and <{tmrtz, with occasional small 
quantities of molydenitc." 

Descriptio11s of the ore and of all the gangue rocks associated with 
it have already beeu given in a general way and their relations have 
been discussed on pages 48 to 67. It will not be necessary to repeat 
these statements liut, since at some of the openings there are exhihitcd 

7JLettcr of l\-Jr. 1, .. . J>. Howe, Prc•iiidc n lr, date d .Johnson City, August j7, lUlU, and l'C(JIY 
thereto by l\fr. S. H . OcJom, Suµurl ntu1l th.!nt of mine, elated Cranberry, AllJ.{Ust 28, !OU). 

nKcith . ArtlHu·. U. S. Cieol. ~urvcy: Geol. Atlas , Cranberry folio ( No . DO) , p. 8, um:L 
11Thc Cranbt~r1·y gra.11it.c and Roau gneiss have been do:scribed on pa~cs 30 to 4G. 
1tHan1ilton, 8. H . , l :upublislw<l report to 'l'cnnessco Gcol. Survey 
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special fcatm('s tlial t~uow considerable light 011 the method of origin 
of the vein, brief d,•scriptions of these will be giYcn at the risk of repeating 
some of the statements that have already been ma<lc. 

Smoky No. 1 

The southl•asternmost opening in the Craulicrry mine tract is al 
the head ur a rnvine on the north slope of Smoky Mountain about 
three-quarters of a mile southeast of the main opening of the mine. 
The exposed portion of the vein widens and narrows by rolls in the haug­
ing-wall, in some places being only 4 inches wide. Its general dip is 
southeast and both hanging and footwall are Cranberry granite. (Sec 
Plate XVII, A, and page 45.) The vein contains a great deal of 
epidote. In some places it consists exclusively of epidote and dark­
green hornblende cut by quartz veins. Nearly everywhere it is bordered 
by a narro11 scam of epidote rock which swells out at places into a eoarse­
grained aggregate of epidote, qmu-Lz, and idiomorphic hornblende. 
This coarse rock is · plainly a pegurnti1.e in which the feldspar has been 
changed to cpidotc. On the dump are fragments which show small 
masses of partially cpidotized feldspar in the midst of nearly pure epidotc­
quartz aggregates. The hornblende is a greenish-black variety varying 
greatly in abundance in different portions of the pegmatite. It is entirely 
absent from some specimens, but it occurs in others forming crystal 
groups an inch in diameter, or, where in large quantity, forming lenticu­
lar masses that may be several inches or even several feet in length . 
Magnetite is always present where hornblende is abundant . It may 
occur in little streaks on the borders of the hornblende groups, or it may 
be scattered through them. Often i.l1e lnrger lenses are in reality granu­
l;u· ru.ix1.urcs of lwrnblcnde and ni;q:,'11.c lite, or granular aggregates of 
J10rnl,le11dc.- ,Yi th littJ I,_.nses of nw gnclitc scattered through them. In 
som · t·ase~ also shorl Lhi11 seams of magnetite and small lenses of the 
same mineral arc to be found in the midst of the epidote, but this is nol 
common. The magnetite and hornblende are so intimately associated 
that it is difficult to escape the suspicion that they are genetically coH-

nected. 
Anotl1t·r fraturc that is prominent in all the pegmatite in this opt·11-

ing is the apparent schistosity of the rock. Tl1c lenses of bornblcmk, 
of magnetite all(l of the mixtures of the two n.nd large isolated crystab 
of hornblcnd1, arc all elongate in the plane of the vein. The quarlr., 
howevcr, rarely shows this parallelism to a. marked degree and tl1e 

epidotc never. 
The on· is 111ainly toward the center of the vein belwecn the stre:1ks 

oi epiuolc rock near its borders. It is the usual mixture of hornblcudc 
and magnet itc cut here and !,ere by strings of nearly pure magnclile. 
(Seepa~cs 5'2 to 5f.) In the midst of the vein is a banded gneiss that looks 
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like a schislosc diorite, and it is notieeahle that the fddspar in it is piuk 
and shows little traec of cpidotization. The miners slate that the rock 
is a horse iu the vein, whieh plays out along its strike and often continues 
in the on• as partings. l\Tureover in this opening a small 1liahase dike tuts 
the ore lengthwise, hut this is not significant, as similar dikes occur in 
the granite .at some <list.wee from the vein. 

The material of the "horse" is a distinctly gne1ss1c, somewhat 
fissile, grn,v and white mottled rock, with occasional white feldspar 
streaks and chlorite partings parallel to the schistosity. The mottlings 
are due to tl1l' presc1H!C of fragments of decomposed plagioclase (mainly 
oligodase), scattered through a dark-gray matrix. The centers of the 
grains contain uumerous small prisms of a light-colored epidote (prob­
ably zoisite), but they are surrounded by broad rims of newer plal,(io­
clase enttrd~• free from decomposition products. The feldspar fragmcnls 
arc embedded in an aggregate of quartz, feldspar, plates and spicules of 
homblendc, and nests of yellow-green cpidote. The quartz and epidote 
form a mosaic nnd the hornblende oeeurs as clumps in this mosaic as 
though rt'1m•s,~11ting grains of some mineral that has otherwise completely 
disappeat'<'<L Although the greater part of the hornblende is in till' 
mosaic many spieulcs extend into the rims around the larger grains or 
feldspar and some penetrate into their altered mu.:lci. Many of thl' 
feldspar grains arc granulated on their edges and nearly all show curwd 
twinning lamellac. 

I!ors<'s of this kind are not notably different from the more com11w11 
varieties or C'ranbcrry granite. They are apparently portions of Ill<' 
granite tli:1 t lw ,·c been enclosed in the vein and greatly mclamorphosl'd 
Their pri1ll·ipal difference from the granite is in the greater proporlio11 
of homlile11de au<l cpidote in them. 

l\'le11lio11 has been made of the fact that as a rule there is a 1ia1To1r 
layer of epidok on the outside of the Yein. This is usually between 111,· 
ore and 1he walls; hut at one place a little lens of ore, composed of ihl' 
usual gra111ilar 111ixlure of hornblende and magnetite, sL·parates the q,i. 
dote from l 11(' J1anging wall. Between the ore and the wall is a go11~,· 
of chloritc 111ix,•d with particles of magnetite. 

Smoky No. 2 

Tlw 11,·xl i111port;mt opening on tl,e mountain is tl1e pit and l1111· 
nd k11ow11 as .· 111ok.' No. 2. It is about l,100 feet northwest of Iii" 
openi11 g- just dl· ~i •ribctl and 250 feet below it. At the end of the tu11111 ·I 
the Yein can be seen to be 8 feet wide and lo dip about 20° S\Y. Th,· 
lip risl's Lo :l'l 0 in some placPs, sa iJ to be due to rblls mainly, if 1101 l'X· 

clusively, i11 !he ha11 gi11g-wall. Between Ll1 e Gra11heny gnuult• a11d tlw 
vcin-uuLss 011 hot Ii walls Ul'l' gouges of shaly or sbl y chorite :c·l1is t. Thi, 
gouge is aliulll l;~ inc lll.'s ll1i i.: k ott the hanging-wall aud co1L.,;isls aluw.,t 

PLATE XVII. 

(A) 

(B) 

(.:1) Smoky No. 1 opcnjn,;. Cranberry mine, showing plaLy sL1·uct.11ro of han~ing­
wall g:ranill'. 

(H) Pat't of wall. open cut, Cranbcr1·y m.inc, showing irrL\!.{lllar Uist.ributjon of 
\ \l'L' , All L,Jw rock in view is vciu-Jilling. 



1 IO ~l.\l;NE'l'IC lltON 01!1-:S 0~' l•:AS'I' TFNN ' 1 ' • AND WES'CEHN N. C , 

solely of ddoritc. Tl . . . . . · 
l 

IL ou .. -u1,1tlcr 1s composed c I' . · ·t . 
1ornhlc1Hk cpi<lotc ·tn I < . ·l I : > ,t nux urc ol uiarrnetitc 

d 
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layi: r.s is also 1q1pare11Lly ·1.tluTiLir. ·J. ]~Yi den tl y there has ht· •I\ move­
utcll l w·ithi.n Lhc vein sin·· its solidi{kalion. This is also evidenced by 
lhe fad Lhat Lhc p •gmatilu lens •: which arc c,)11u11on in Llie foliated 
;.:11\•iss 11m in some places -ru:hcd into their compou •nL fdd !:!par an<l qtuirtz 
grni11 s, so tlwt their grau1s, :pccially th · fchh;par grni11~. arc separated 
1'ro111 Lhc m:1in mass of the pcgurntite u.n I su1To1111tl d hy films of the 

hornblcndic schist. 
[n lhc op •ning above the tunnel the vein exposed at the back and 

011 Ll1c sides of the opening consists in the main of the same coarse-grained 
lwruhlende- •piJote filling us elsewhure; but i.n addition titer' is r>r sent 
1111u.: h ,,irn ·t. N •ar the lm.11ging-wal1 ill' several dis tind vcius of epi­
dnLc cutting Lit• vein-mass, and hcl:\veen these and the wall the usual 
yein matter is replaced by a compa ·t aggr gate of gn.rnc t, hornblende, 
feldspar an<l calcite, in which the hornblende appears to be the oldest 

component. 
A slide made across the c:ont1\Ct of a small epi<lote vein and the coarse 

lwruhlen.J e mass shows the hornblende mass to consist of a fine-grained 
iuixLurQ of uralitc, epidote, quartz, m.ignelite cry tals, calcite nests, 
a1ul veins and lenses of quartz mosaic. The hornblende, how ver, 
l'r ·quently polarize:s uniformly over large areas, and produces tl1c coarse 

l •xture noticed in th • hand specimen. 
The cpidote vein is a granul:Lr aggregt1te of y How-gr •en cpidote 

·rnsscd by vcinlcts or quartz mosaic between th• grai11S of which in places 
i_~ , .filling of calc ite. There is no sharp cout,LCt between the cpidole 
Y •in and the hornbleude mass. In some pla ·es Lhcrc is ,L Lhi11 ~l?lLnl of 
quartz between the two; hut in most pli~ es th conla ·Li~ simply a plane 
011 one sid~ of which there is .rn ahund,1ncc of ,unphibolc and on the 

other side none. 
Toward the center of the vein, I.mt distributed rnlhcl' irr('l{Ularly 

Lhrnugh it, ,1rc musses ot le1m ore i:onsistiug of a granu l11-r aggrcgule of 
magnetite, hornblende tlllU cpi<lolu and masses of what was originally 
a •oarse p •g1u:1tite but wbidL now is n. very ·oarsc :iggrcgn,te of (LUrn-
1,1 'llUC um! cpidotc, wiLh hornblen.Je iudivi<l11als often half an ind1 long, 
·ontaiuing num rous tiny gr.tins of magnetit •. Here ancl Ll1t~re a garnet 

i_,; a~;;ociat •< l wiL.h the cpidotc autl S(:attcr •<l through the 111ass an\ tiny 
\'ei11s of •alciLe. C~kkitc is especi:Llly noted on joint cracks, buL iL Ot:-
1·11rs also s ·altcre<l among t l1c epillot • grains. Quartz lenses a few inches 
long arc 110L 1u1t:011U11on in U1c midst of Lhc hornhl ·11<li.:. Near them 
:Lr~: 1fl •n Ii LLle pyrite cu hes. ln ccrtu i11 port ions of llic ,·ci11 th1! mug­
II •titc grni1is in thu horn blend beco llle larger. They group into li ttle 
al{grcgal • of lenses an<l lhe nms:· becomes a lean ore. Through tb.i. 

et1lcilc veins run i11 tdl directions. 
Sections from an irregular m:tss of epidote and hornblende taken 

from about the <:enter of the vein when viewed under the microscope 
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show large masses of pure epidolc, cut by veinlets of quartz and epidote 
and surrounded by a mixture of cpidotc, hornblende, quartz, and feld­
spar contaiui11g little nests of calcite. A few little crystals of magnetite 
are scattered through the hornblende-epidote mixture and a thin border 
of garnet in a few places lies between the large epidote areas and those 
charackrizcd by the presence of hornblende. Quartz Yeins and epidotc 
veins cut through the rock in various directions. The areas in which 
epidote alone, or cpi<lote and calcite occur and those in which hornblende 
is prominent, arc so distributed as to suggest that the former represent 
feldspar and the latter pyroxene. Thus reconstructed, the rock appears 
to have been a coarse augite-syenite-probably a pegmatite. 

Lean ore masses scattered through the vein are composed mainly 
of uralite, epidotc, and magnetite. The uralite and epidote are in areas 
that suggest a granitic rock. The only differentiation observable in it 
is that in some areas the light colored granular epidote is free from 
hornblende and in others one-half or more of the mass consists of 
crystalloids of hornblende inclosing grains of epidote, feldspar, and 
calcite. The · magnetite is in much smaller quantity than would be 
thought from a study of the hand specimen alone. It occurs in a few 
irregular grains surrounded by narrow zones of light colored epi<lotc, 
even when present i11 areas characterized by abundant uralite. 

Firmstone opening 

Another opeuing, the Firmstone opening, at the base of the moun­
tain, about l,!HlO feet northwest of Smoky No. ~, is an old pit on the 
dump of whid1 an· many large fragments which show that the condi­
tions in the n·i11 al this point are the same as at Smoky No. 1 ail<l Smoky 
No. 2. The Yl'i11 does not change in its character through this length 
of half a mile. 

Mine opening 

i\aturally, the best exposures on the Cranberry property arc at tl1c 
mine, wlwn! thl·n · is a large open cut on the cast slope of Cranberry Hill 
(Plate XVI), "'' ,·astern spur of Hump Mountain, and a tunnel at its 
base. The 111i11<• is eutere<l by the tunnel, which runs southwest to ll1l' 
vein, at an ele,·a I io11 of !l,211 above sea level. :From the junction the 
vein is follo"Td along its strike, which is N. 34° W., and tlie mixed ore 
and rock are I a kt•11 out as the a<l vance progresses. Above this level 
are others whil"h were abandoned as the ore was removed. Tlic ore 
is now beiug worked upward and downward from the tunnel level and 
this at the same time is being advanced along the vein by sloping at its 
end. From the southeast part of the mine a slice of mixed ore and rock 
has been remov<·d which was about 200 feet thick, 800 feet long, and 
:mo feet high (measured on its <lip). As the work advanced along the 
strike of the n·i11 the ore body alternately widened and narrowed . It 

PLATE XVIII. 

(A) 

(,\) 'Pa.rt of wall of OJ~cn ~ut . Cran.herry. rr~inc, Cranberry, N. 0., showing irrc-
~nlar dis tril>ution of 1mJ;ntat1tc 1n the vcin-tllhng. . .. , 

1 
C 

( /I) General "·iew of wall of sa.mc cut, showing hang1n~-wall of folu.tcc .ran­
hl·1Tr 1-;nmitc. 
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also widened an<l narrowed on tlie dip. In other words, that portion 
of the vein that is 111i11ublc occurs in lenses surroundt•d hy portions that 
arc not mirwblt• under present conditions. (Cornparl' Plate XVII, IJ.) 
These 11011-minahlc portions contain magnetite, l,ut not in sufficient 
quantity to pay for 'i\'orking. If au efficient con('cntrating process 
were available it is probable that much more rock rnight be removed 
from the vein and treated with profit, and it is possible that the entire 
contents of tl1c Yl'in mi~ht become available for concentration, in which 
case the lens-like charm·ll'I' of the ore body might not he so distinct. 

The portions of the n~in that arc now minable arc certainly le11ti­
cular. (See plat, L'lattt XVI.) The lenses are about 800 feet long an<l 
200 feet wi1lc al their wjdest part. Their heights in the plane of the 
dip arc not known hut are in the neighborhood of 500 feet. So far as 
present ohsl'rn1tio11s are possible the lenses appear to have no pil<·h. 
They arc Sl'pai·a h•d fr.om one another partly by pirwhcs in the vein 
but more c·or11111011ly by the narrowing of the richer portion of the win­
filling. However, ·th~y are connected by thin stringers of ore, which 
in every 1·asc· ll1us far noted, lead from lens to lens. This is true not 
only for that portion of the vein in the neighborhood of Cranberry, hut 
apparently it is true also for i ls northwestern extension as far as Shell 
Creek. .Mr. Hamilton, who has investigated this portion of the vein 
by magnetic 111l'lhods, states that a narrow line of attraction can be 
detected following the course of the vein and that at irregularly spacc<l 
intervals this lint• 1•xpands to broader areas. In the areas of most pro­
nouncl•d 11tlradion are the Cooper, Wilder, Red Rock, Patrick, Tee­
garden, and Ellis explorations. 

Exploratioi1s in the mine have not shown the downward termination 
of the lenses nor have they outlined tht•ir limits in all other directions. 
The mine plat (Plate XVI) shows .that the general shapes of the hori­
zontal sections of the ore-bodies are those of horizontal sections of lensl'S, 
but no complde vertical sections are :wailalile. The floor of the lower 
level of the mine is on ore, but drill holes that were St!llt downwa1·d Lo 
determine the extension of the ore-bodies down the dip arc reported ll• 
have shown very little ore in this dire<"tion. It is reasonably certain 
that the ore occurs in lenses and that tire lenses do not terminate uL­
ruptly with dcptli. If the source of the ore was, as supposed, a suh­
terraneun magma (sec page H8), it is probable that the deposits ext.end 
downward for some distance. On this ass11mption there should be on~ 
below the prt!senl floor of Lhe mine. It is 11pon this supposition that Lhe 
estimate of resen-cs given on page 78 is lmsed. 

The Lest expos111·t•s of the vt•in arc in the large open cut on tl1e slopt• 
of the hill. (8ce Plate VIII, A, Plate XVII, B, and Piute XVIII.J 
The vein here is ahout 80 feet wide. On the walls of the cut arc exccllt•nl 
exhibitions of the rl'lalio11s of lhc vario11s phases of the vein-filling tu 
one another that have already been desc-ribc<l (pages 43 to 67.) 
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Large "horses" of rock occur in the vein, and on the wall of the 
e11l sc•dious of so111e of tlwm can l,c seen. Some or the spel'imens on 
till' d11111ps arc not very different in appearan<"c from those taken from 
exposmcs of the Cranhcrry gl"Unite. They arc so like the schislose 
porl ions of the Cranberry granite that they arc believed to he splinters 
of the grnnite mass that were split off the main mass at the time the 
vein was formed. Other speci1111•11s of sehistose grauites urc streaked 
yiorphyritic gneisses with here and there alternating layers of darkgrecn 
lior11hle111lc like that associated with the ore. These were apparently a 
part of tlw vein-filling: They consist of zoisitize<l plugioclase fragments 
in a schistose matrix composed of small fragments of plagiocl.tse, elon­
gate grains of newly c-rystallized, striated anti unstriated feldspars, a 
lit tie quartz, some uralite1 considernblc l{ranular colorless epidote and 
a few streaks of ydlow-grccn epidote. (Plate XX, H.) Nests or ealcite 
art! s<"atlered thro11gh the mall"ix irregularly. The hornblende flakes 
and c•pidole streaks wind sinuously between the large feldspar fragments 
and arc separated from one another by a fine-grained mosaic of 11uartz 
or of quartz and feldspar. Much of the colorless epidote is in tiny grains 
and crystals scallcrcd through the feldspar, but in some places the epi­
dote particle:.; are arranged in thin straight lines foLlowing definite 
twinning slriae as though certain of the plagiodase lamellue had Leen 
more sus<·cptible to change than others. 

The general features of the rocks constituting the vein-filling have 
alrl'ady been descrihed (see page 48), but there arc certain ndditional 
features exhibited by some of the specimens in the rock pile at the bot­
tom of t.hc incline that should be referred to briefly. One or the more 
abundant rocks in the pile is a coarse-grained hornblende )Jegmatite 
cul ling a coarse lrornhlende rock. In most specimens this has the char­
acter already des<'ribed (page 62), but in some SJ>ecimens 111:tl,(nctite 
o<·<·urs abundantly as irregular masses in the hornhlende. Where not 
scattered indiscriminately through the hornblende in the )legmatite it 
appears as a selvage between the J>egmalite and the cmtrse hornblende 
roek through which the pegmatite cuts. The hornhlcnde rock also often 
<·ontai11s little hlcbs of magnetite and is traversed hy veinlets or the 
same mineral. 

A few fragments of J>egmatitc are csscnlially magnetite pegmatit.es. 
Tliey differ from the more common hornblende pegmatites solely in the 
fad Umt magnetite has replaced most of the hornhle111le. The micro­
~t:ope shows that. there still remains considcrahle hornlilendc in the hlack 
masses within tire J>egmatile h11t it is so comJ>letely saturated with mag­
nelitc, that the hand-specimen appears lo consist exclusively of partly 
t•pidotize<l ,cldspar and magnetite. There is no magnetite present, 
however, cxct•pt in aggregates with hornblcrr<lc. It is not present in the 
feldspar unmixed with hornhlende. 
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In many spe<·imens the proportion of magnetite in the pegmatite 
is so great that the mass hceomes ore. In these the feldspar is limited 
to a few ill defined crystals mixed with coarse homhlende crystalloids 
and a few 1ittlc elougate grains of the same mineral forming lenses em­
bedded in an im•gular, more or less schistose aggregate of hornblende 
and magnetite, traversed hy numerous veinlets of magnetite. 

In a charaderistic thin section are large plagiodase fragments 
crushed on their edges to small fragments which arc mingled with grains 
of cpidote and wisps of amphihole to form a matrix in which the large 
fragments are usually embedded. Often the large fragments are cracked 
and their pnrts slightly displaced, their twinning striations at the same 
time being Lent and twisted in a complicated way. Uetween the frag­
ments of the feldspar is a mixture of smitll quartz grains and epidote, 
the latter of which is not only present in . small equidimensional grains 
hut also in elongate grains and in large chisters of grains. The quartz 
grains are slightly lenticular. Their long axes arc approxiniately parallel 
to the elongation of the epi<lotc un<l to that of the homhlende, and as 
a result the roek is schistosc. The epidote an<l much of the quartz 
are secondary as they both form little veins in the feldspar and some of 
the more compact hornhlen<le. A little of the quartz is prolmhly original. 
This is now represt•uted by a ft•w grains a little larger than the average 
that exhibit shadow extinction. Crystals and groups of crvstals of 
epidote are also seal tered through the feldspars, an<l vcinlets of the same 
mineral occur in the cracks between their dissevered parts. Between 
neighboring large grains are often thin scams of amphiholc inclosing in 
places large lll'sts of bright-yellow epidote. 

In the riehl,v 111:\gnctitic pegnrntites the nrngnetitc is conunonly 
associated with the hornblt\llde. It is prcst•nt either as comparatively 
large musses compurahle in size with the feldspars and pyroxenes k~fori 
they were broken, or as smaller sharp-edged pieces seatkred lhrvugh the 
aggregate of uralitc, quartz, feldspar and cpidote that lies bl!lw;.!~11 the 
lnrge broken grains. In many places the sharp-eJgcd piccr.s appr:1r lo 

be fragm nts of large grains that have been moved apart for co11sidcr,il1h· 
dist;u1ces. In olht•r ,,laces they are so dose that U1t'Y c,m be fith-d 
together into a single gmin. ,vhcre close together tht·y arc sepurah·tl 
from one another hy narrow cracks, in whid1 may be a lit.tic hrmrn 
biotitc or a little uralite. The larger pieces lmvc irregular houndaril's 
as though they had ht•t•n c<;rrodcd, and it is noli<·<•,tl,le that nny Feldspar 
in contact with them has been completely ehanged to cpid,.,tc. In some 
s_ections are also a few crystals of apatite. 

Allanite is the only other mineral that has h1~cn Sl'Cll iu any section 
of pegmutite. It is in crystals several millimeters in lcn,-:th, tlmt seem 
lo have suffert;d no deformation and hut very slight alteration. 
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Wlwrc the feldspar of any Yuril'ly of the pcgnmlile is in contact 
with masses of hornhlende, the feldspar near the contac~t is commonly 
completely ehangl'd to epidote whereas that an inch or more from the 
contact is white and fresh and shows no trace of epidotization. The 
epidotizing solutions appear to have enrnnanted from the hornblende, 
which may indicatl' that the hornblende was intruded after the J)l'g-

111atite. 

Moi;t fragments of the pegmatitc on the dump are of the kind ,le­
.scribed. There ar<>, however, others of a very quartzose type, in which 
the quartz is blue. This variety contains no hornhlcnde, but ii; composed 
of quartz und feldspar almost exdusivcly. As the rock shows very little 
schistosity and its components show no evidence of crushing, it 11111st 
be a much younger rock than the more common syenitic pegmatite. 
(Compa1·e Plate VIII, B.) · 

The garnet rock that occurs so abundantly in Smoky No. !l (page 110), 
is fairly ahundant on the dump of the mine. In part it is associated 
with hornblende an<l in part with magnetite. In the mine it is said to 
he always close to pegmatite, but the exact relations of the two arc not 
more definitely known. ,v11ether associated with hornblende or magne­
tite the garnet makes up hy far the greater part of the mass. As a little 
rd<lspar and epidolc are present in all specimens of the garnet rock it is 
pruhablc that the rock is either a part of the pegmntite or n contact 
metamorphic product of some pre-existing rock. 

The hanging-wall rock in the mine is a chloritic gneiss cut hy n few 
1pmrlz vt•ins. (Plate XVIII, B .) It is apparently a very much sheared 
Jiliasc of one of the darker layers of the Cranberry granite. An analysis 
I,~· Dr. J. I. D. Hinds of the Tennessee Geological Survey yielded: 

l'urliul a1wl!J.•i• of go11y1· in /,a11gi11g-mtll of vein at Cra11brrr11 111i11,, l'r1111berry, N. C. 

Sili,·11 (SiO,) .. . .. .. .. ........... 58 -411 l\lngnesin (MgO) . .. .. .. . . .. .. :1. 10 
.\l11111i1111 (Al,O1) . . • • . ••• .•• 1!1 . 5!l Lim,• (CnO).. . . . .. .. ... . . .. .. . .DO 
F,·rri,· oxi,I,· (Fe,O3) . • ••• • •• I Phosphorus 1a•nloxi,h, (P,O,) . . -47 
l-'1·rro11• nxi,le (l•'eO) .. .. . .. ... I 11 · 28 Waln (11,0+) . .. ........ .. 2.78 

OTHER OPENINGS IN THE CRANBERRY BELT 

Lee Johnson place 

That portion of the Cranberry belt hetwecn Vale and the soulh-
1·ash•r11111ost openiug of the Crnnherry mine near the crest of Smoky, or 
Lilllt· Fork, Mountain has hcen tral'cd only in a very gc11cral way. 
'I'ltt•rt~ arc two openings on the Lee Johnson place on the west side of 
thl· road, one mile north of Vale, and occasional small openings or out­
<·rups on lhc northeast s~opc of the mountain, but most of the course of 
the n-in is covered hy such a thick forest growth that it C'unnot he fol­
lowed. At lite ,Tohns•:111 place 1tre tw" openings, one a pil and tl1c other I 

11.i. 

• 'I 
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~ tunnel. At preseut both openings are overgrown aud all that is vis­
:Lle at them arc t~1cir dumps. The ore was like the rich ore at Cranberry. 
The Interstate Coal and Iron Co. is said to have shipped from them 
~bout 2 carloads. It is rcp01-tcd that the vein i,;trikcs NW. and that 
its dip is 25° to 3G 0 S \-V. 

Cooper place 

The first iipcnings on the vein northwest of the Cranberry mine 
are at the old Coope1· place about three-quarters of a mile south of Elk 
Park. _At pres_cnt nothing can be seen of the mine but several large 
depr:ss10ns which represent the old open cuts. Nitze" states that the 
op_enmgs were made about 1884 and that a small quantity of ore was 
shipped from them _to Roanoke, Va. He declares that they exposed "a 
body of ore, and nuxed ore and gangue varying in thickness, as visible 
at present near the outcrop, from 5 to 10 feet, with a dip of about 33° 
s~uthwest ... " Southwest of the Cooper openings is a series of shallow 
pits on the nortbea~t slope of Hump Mountain, but they show nothing. 
P~rhaps these openmgs are on the Crowder place which is described by 
N1tze _as being 1 mile S. 30° W. from Elk Park. On the western slope 
of a ridge, near its summit, writes Nitze, 

"the outcrop was stripped for a short distance, cxhiLiting a backLone of ore 
from I t? 2 feet in thickness; it was explored 15 feet below the surface by a 
short ad1t-levcl and found to widen to :.S or 4 feet. A shaft wns sunk on the 
ore, at the mouth of this a<lit-levcl, to the depth of 40 feet, proving in increase 
of thickness. . . . 

"The ore n·scmblcs that of the Cranberry mine in every particular. 
The strike is norlhwcst ... , and the dip nearly vertical." 

Ellers and Hardigraves Elk Park openings 

It is possible that Nitze's last reference is to the openings about 
three-quarters of a mile southwest of Elk Park. These ,u-c known as 
t~e ~llers and the I-Iardigraves Elk l>ark openings. They arc on oppo­
site sides of one of the branches of that fork of Elk Creek which crosses 
tl_ic railroad just west of Elk Park station. It is reported that they have 
yielded about 3,000 tons of ore aYcraging about 42 per cent. iron and 
0.012 per cent. phosphorus. 

On the Ellers prnpcrty there arc three openings, of which one is a 
shaft. Although some work was being <lo11c at the shaft. at the time of 
the writer's visil in ]!JI!), no rocks were exposed. The miners state<! 
Llmt the vein is 4 to 4½ feet thick, possibly increasing to 9½ feet with 
depth. At the I-Iardigraves openings the vein rolls witli a general south­
west dip. As the walls have become covered with soil and weeds noth­
ing of interest with rdcrencc to the ore could be seen here. However, 
a great vein of weathered pcgmatite was reeognized; but whether it cut 
the ore or not could not be determined. 

"Op. cit., p. 180. 

MlNES .·\.'ill i't(OSl'ECTS IN SILICEOUS ~1.HlNl•:TITlsS - 119 

Small openings and surface exposures leave little doubt that an ore 
belt continues without serious interruption from Cranberry to Elk Park, 
and magnetic observations i;eem to indicate that if breaks do occur in 
the vein they are of such slight magnitude as to be of no significance. 
They may indicate merely that the ore is in lenses in the vein and not 

in a conLin11011s sheet. 

Wilder mine 

The 11exl openings to Lh • mwtl1west of the Elk Ridge mines are 
those of the Wil<lcr mine, in Carter C ,unty, Tennessee, about one-third 
of a mile south of the railroa<l and lmlf-way between Elk Ridge and 
Shell Creek stations. This mine is about 2 miles north of west of the 
Ellers mine. The Wilder mine was first opened before 1880, but was 
worked only on a small scale. It was taken over by Milt Miller and 
associates in 1890 and about 5,000 tons of lean ore was shipped to the 
Cranberry :Furnace Co. at Johnson City. The last shipment (in July, 
1!118) wns 10 cars of or~ a.vcraging S0.70 per cent of iron and 0.01~ per 
cent of phosphorus. The average iron content of 4,915 tons shipped 
lo the nt-nbcrry fui:11:1{: was teported by Mr. E. B. Kirby to be 37.5 per­
t-cnt 1wd tlrnl of titanium oxide 0.15 per cent. 76 The mine is now owned 
hy the Cranberry Furnace Co. The mine consists of several large open 
piL~, ~cveml tunnels aml underground drifts and a number of snutll1:r 
opc11.ings thut arc disLribuLe<l in u bewildering way (Plate XI~), 11nL1l 
it is realized that the yein here is in fold!$. The cmntry rock 1s ran-

berry granite. 
At the mouth of the brge tunnel at the cast end of the property 

tlic dips are ;il,oul •:20° toward t he southwest and 100 feet farther south­
Wl'st at. the mr>ulh of ,l i,;maller opening the dips range between 15° 
and 40° to Lhe norlhenst. Again, at the northwest end of the large 
cut in the western part of the property the dip is 45° southwest and at 
the opening aboul 150 feet southwest of the east end of the cut is about 
10° northeast. About 400 feet northwest of this point a flat t!ip is again 
observed. Observations arc so few that they do not furnish sufficient 
data for working out the structure of the vein in detail. They indicate, 
\1owcver, that the two parallel deposits at this place are not in different 
Yeins but in the same one that lies in a synclinal fold, with its axis be­

tween the two lines of deposits. 
The Yein-mat.ter is very much like that at Cranberry. The major 

part eou:;i:;1 s of l.iyers of in Lerbimded hornblende_ and epidote alternating 
with layers of •oarsc hor'nulcnde. The epidote grades into pq~nmlite 
which dearly is intrusive into the hornblende, giving an imprcg1mtion 

~nciss. 
A section of a very evenly banded gneiss reveals wide layers of 

rnarsely granular hornblende, very narrow layers composed of alter-

"Quoted by s. II. Hamilton iu an unpublishocl report to the 'fcnncsscc Geo!. Survey 
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nating layers of lwrnhlendc an<l l,pi<lotc and sligh Lly thicker ones of 
epi<lote, all eve11ly i11terha11dcd, as though the rnek were an impregna­
tion gneiss in which the feldspar ha<l been changc<l lo cpid-~tc. Thc1·e 
are also a few narrow belts of tine-grained granular cpidote altcmating 
with bands of quartz mosaic ·uu~u.ining a little urnlite. Some of the 
quartz is iu .,1Uall lenses, and some in narrow scams or veins cutting 
through the cpi<lotc. 

An analysis l,y Dr .. J. I. D. Hinds, chemist, of Lhe Tennessee Geo­
logical Survey, of a speeimcn of a eoarsc-grained hornblende rock col­
leeted by Mr. Hamilton Lo represent the ,·ein filling n•sulled as follows: 

Parliul 111wlysis of 1·,,iu-Jilli1111 al Wilda miu,·, N. ('. 

Silica (SiO,) . . . . . . . . . . . . 46. 22 i\la!(ncsia (MgO) ... . . .. ,. . .. .. . 2 . 9~ 
Alumi1111 (AI,O,) .. .. .. .... , .. 5 . H Water (H,O)........ ... .. . • . 4U 
Iron oxides (as F,·,O::) . . . . . 27. ,;2 
Lime (C11O).... ... . . . . llJ . 00 ll8 . 5IJ 

A magnetometric survey made by l\lr. Hamilton" indicated that 
on the cast side of the little branch <li·i'iding the property into two parts 
a buried magnetic mass occupies about 'll0,000 square feet. (See 
Plate XIX.) It dips to the south and pitches to the cast. If the Ol'l'­

bpdy is 5 feet thick, according to Hamilton it contains 100,000 tons or 
ore. To the west of the branch another ore-body is indicated, but it is 
broken at sen•ral places and contains only 50,000 tons of ore. If lite 
ore-bodies an~ more than 5 feet thick, the quantity of ore in them is 
corresp.ondin~ly larger. In the two bodies Hamilton estimates 150,000 
tons of ore as probable and G00,000 tons as possible. Hamilton does not 
make any statement of the quality of this ore, hut from .the contexl i11 
his report it is probable that the estimate is based on a content of iro11 
averaging 25 per cent. 

In order to determine the aYailability of thi~ ore for conce11trati11g 
lie obtained 2 cubic feet of rock from the i\laxwell tunnel (Plate XIXJ. 
on the cast side of the creek, and crushe<l it to pass a tiYe-cighths inl'h 
mesh , The material that passed a threc-sixtc1:ntli inch mesh was scrce11ed 
out, and both c:oarse and fine screenings were passed over a Firmsto11t·­
typc magnet actuated by a eurrent of 13 amperes. -\ crude ore contai11-
ing 25.08 per cent. iron, crushed to five-eighths, passed over a mag11el 
carrying 1:3 amperes of current yielded a concentrate of 28.4 per t·t•11l. 
of iron, after retreating the tails fom times. One-third of the total iro11 
was lost. Th(• smaller size screenings subjeet to the same trcat11w11I 
yielded a conecntrate c,mtui11i11g 28.3 per cent iron, but only one-fourth 
of the total iron \\'as lost. W'hen crushed to one-twelfth inch mesh and 
subjected to a magnet of the same strength in water a concentrate of 
45.£.5 per cent imu was obtai1wd, but no <!stimatc was made of the quan­
tily of total iron lhat was lost. Hamilton c,mdudes that the ore of llil' 

11Hamilt.on, 8. H . , Linpublishc..•d rcpol' L to the Tenncstil~e Gcol. Survey. 
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"Yilder mine 1s valueless unless :suhjcdctl to fine grinding an<l concen­
tration. 

Greenlee and Ray and Tester property 

Higher on tl1c hill and west of the \Vilder mine arc several open 
cuts and u11d('l'grou11d workings in whieh the ore is s,imilar to tliat at 
the ·wilder mine. Some ore wits taken from them lint it was shipped 
with the \Vil<ler ore. Mr. Hamilton states that his survey showed no 
magnetic line going down the hill into the Morgan Branch hollow to 
the west. 

Red Rock mine 

About half a mile west of the \Vilder mine is the Red Rock mine, 
which is well up on a steep slope on the west side of Morgan Branch 
hollow and about half a mile south of the East Tennessee and Western 
North Carolina Railroad. The property is owned hy the Tennessee 
Coal, Iron and Railway Co. It was leased to Steven Pittman whc, mined 
a little ore an<l then abandoned it. The i,lace is now so overgrown Lhat 
it is impossible to learn much about the relation of the ore to the country 
rock. On the <lump, howev1•r, are great fragments of a rock compose<l 
of garnet, magnetite, epidote, calcite, and quartz and also large pieces 
of a coarse pegnmtite. Aside from the pcgmatite the two most promi­
nent rocks on the <lump are a massi,·c granular aggregate of garnet, 
hornblende and epidote and an equally massive aggregate of hornblende 
and epidote. 

In the garndifcrous rock the garnel and hornblende form a nll'k 

without any trace of schistosity. In it are irregular lens-like masses 
of coarse hornblende and calcite and in this aggregate are nests of al-
11108t pure marble. Under the mieroscope the rock is seen to be an 

aggregate of anht•<lrons of garnet and a light green pyroxene -whieh is 
uralitizc<l in pakhes and saturated with calcite. Calcite occurs also a., 
little nests in the uralite and in tiny veins crossing the partially uralitizl'd 
pyroxene. The same mineral is also in large grains in corners between 
the other components an<l as cndosm·cs in the garnets. l\Iueh of !ht• 

calcite appears to be a result of the dccomposilion of the pyroxene, as ii 
is more abundanl in tl1c more completely uralitizcd pyroxene grain., 
than in those that liave suffered little uralitization. Whether the la1J(t' 
grains of calcite in the garnets an<l in the spaces between the gaml'I, 
and the pyroxenes are original or seeomlary has not been le,Lrnc<l. 

On anal~·sis the garnets carefully separated from the other rm·k 
compo11c11ls gan~ lo Dr. J. I. D. Hinds, chemist of the Tennessee Ge,l­
logieal Surn~y. the following result: 

.·l,,11/!l.vi.v of yurncl ,>1'/)(trU/d from tlw vein-Jilliny al lite R,·d Roel, mine, Te1111. 

Silica (SiO,) . .. . . . __ . . . . , .... ,,. :Jli.H-' Ferrous oxide (FcO) ... ... , .... , ;i. ll 
Alumin" (:\1,(1:,) . . . . . . ... . ..... 8 .-15 Li111c(CaO) . ............... .. ~!J.-!II 

Ferric oxide (J•\·:!O:.1) - ..... . ... .. . 20 . 52 tJ!J !J .i 

~1INEK .-Drn l'HOSl'ECTS IN KlL!l'EOUK l\IAGNETl'l' E~ 

Tlie cHidol\--l1ornblc11d · roek in Ll1iJ1 section is seen lo he v •ry 
sligldly sc:hi~lo.s •. :\1a s ' S or g rauuJur cpidole, a r ·w irrnguhLr d a rk !,(tu·­
ncls, mixtun·s 11f uralite a nd e:pidote, lilllc rern1111llts of twinucd plagio­
dase in Ll1e midst of the epi<lote, small irregular quartzes scallered 
through the other eomponents, and formill!-( mo;m,ic veins cutting through 
th<'lll, and little nests of calcite in the mixlures of uralite an<l cpidote 
nrnkc up the rock. The masses of granular epi<lote, with some quartz 
grains and rcui.n . .u1ts of Iddspar scatt er •d thro11 gl1 Ll, e rn, llHL,Y rcprcsc11l 
origi11ul fddspar ; Lhc mi-xt.urcs of uralilc, epidc-,Le, quartz, u.n<l cah:itc 
may 1·eJHCscnt ,rn"it ·. If this js : o tlil' urigiual r ><.!k w:1: an a u~itc 
syenite. The garncl is in s t1· •,tks bl!lw<t •11 Lb • ·pidote a r •as and those 
iu whi ·]1 lrnrnblc111le a11d •pidote are botJ1 present nrul in coronas sur­
rounding the epidote. It occupies the position of a contact product 
between the inferred original augite and feldspar. 

The ore here is different from that of the other mines in the vicinity, 
in that it contains a great deal of calcite. In another place (page HJ5), 
arc outlined the reasons for supposing that this difference may be due 
to the fact that in the mine the ore-bearing solutions encountered limc­
slone rather than granite in their ascent. 

Patrick mine 

About three-quarters of a mile farther northwest are the ol<l open­
ings of the Patrick mine on the south side of the road running south 
along Shell Creek, and between this and the Red Rock mine are other 
old openings in which now practically nothing of interest can he seen. 
They are of importance at present only as indicating that the vein helt 
is continuous between the two miues. 

At the Patrick mine are holes in tl1c hill slope alongside the road 
and there is an outcrop in the road, but the relations of ore to vcin-roek 
and of vein-rock to country rock are the same as at the Cranberry mine, 
so far as can be observed. A little ore is said to have heen produced 
twenty or thirty years ago, but the place has been abandoned. 

Teegarden and Ellis mines 

Farther to the northwest are two comparatively new mines about 
half a mile ,tp:ut on opposite sides of a little ridge, about three-q uartcrs 
ot' a mile southeast of Shell Creek station on the road up Shell Creek. 
Tlie strike of the vein at the eastern mine is N. 60° ,v. and its <lip about 
:rn° SW. The eastern mine, in Vance hollow, is known as the Teegarden 
or Shell C r ·•ck miuc, a nd the west rn •Jlle, in Ellis hollow, the Elli;; n1 i11e 
or Oakes Ent ry. The Uiine' were worked by Messrs. Ellis :lllll h:irk­
palrick in 1!Jl7, producing .1bout 500 to11s of or> that was takt!ll by Lh e 
('ranhcrry furn:.u;e_ 111 December, 1!117, the C,m11Lc1-ry l•'ur11acc Go. 
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leased the property an<l operated the Teegarden mine until the end of 
May, 1919. The l~His mine was worked mainly as a prospect. Both 
mines are now idle. 

During the two years of operation there were sl;ipped from the pro­
perty 17,375 Ions of ore, averaging :Hi.SU per cent iron and 0.0113 per 
cent phosphorus. It was· fed to the furnace without beneficiation. As 
mining progressed the quality of the ore deteriorated to such an extent 
that it was no longrr a.:-ceptable at the furnace and shipments were 
stopped. Iletwccn l\rny and September, Hll7, the average content of 
the ore shipped ,, as -n f,3 per cent iron and 0.0093 per cent phosphorus, 
and betwe, ,, .l:,11u,,,~· arid May, 1919, the average iron content ,vas 32.10 
per cent an,l II ,, :" !·1 :• ge phosphorus 0.014 per cent. 

At the Te, !!:t 11L·11 mine it is said that there was a streak of rich mag­
netite 5 feet or (i feC't wide in a lean ore vein 20 feet wide. Judging by 
the material on tl1e dump the vein is a duplicate of that at Cranberry. 
Pegmatite cuts the vein and the ore-body, which pinches at intervals, 
in consequence of roHs in the hanging-wall. The pegmatite that crosses 
the ore extends beyimd the vein walls into the surrounding Cranberry 
granite, cutting it at an inclination to its foliation. (Plate VIII, B.) 
However, it is, itself, more or less schistose in the same direction as the 
foliation of tlw gneiss surrounding it, suggesting that it may have been 
forced between the gneiss layers while schistosity was being imposed 
on the mass. The pegmatite is a quartzose variety containing mucl1 
blue quartz. It is in every respect like the quartzose pegmatite at the 
Cranberry mine. 

On the dump of the mine are all phases of the epidote-hornblende 
rocks noted in the description of the Cranberry mine. Moreover there 
are a few specimens of nearly pure hornblendite consistiug of layers of a 
fine-grained slil,(h tly schistose hornblende rock in which there is a little 
feldspar and mtu:h magnetite, others of a coarse-grained hornblende 
rock exhibiting neither schistosity, nor the presence of feldspar or of 
any other component than hornblende, and others of a light-gray gneiss 
that is reported to occur as a "horse" in the vein. 

The light-gray gneiss is a crushed mass of orthoelase and striated 
acid plagioclasc, wisps of amphibolc and ,L few grains of colorless epidote. 
Large fragments of the feldspars arc embedded in a finer grained schistose 
feldspar-quartz matrix in which are many little nests of calcite, shreds 
of green amphiholc, a few shreds of biotitc and a comparatively few 
small grains of cpidote. The fragments of this matrix are cemented by 
a still finer grained aggregate of the same composition. AH of the larger 
pieces of the matrix have their longer dimensions in parallel orientation, 
and the shreds of amphibole arc arranged in the same general direction, 
though they are rnueli bent as they curve around the large fragments of 
feldspar. It is probable that the gneiss is a part of the Cranberry granite. 
It certainly is not a part of the vein material. 

~JINES AND PHOHl'EC'l'S IN SIL!C li:OU8 MAGNETITES 

The fine -grained homblcndc layers arc lean ores and their scl1istosity 
is due primarily to the presence of the magnetite in parallel streaks. All 
their components arc elongated in the same direction as the layer­
ing noticed in the hand specimen, thus accentuating the schistosity pro­
duced by the concentration of the magnetite in <ldinite layers. The 
magnetite is in long, thin ragged pieces, many of which appear to be frac­
tured and in smaH grains which in most cases look as though they had 
been broken from the larger ones. The mass in which the mal,(netite 
is cmbed<lcd is a very schistose mixture of uralitic hornblende, wisps of 
brownish-green biotite, calcite, a little quartz and small particles of 
magnetite. The quartz and some of the calcite are in veins that extend 
in the direction of the rock's schistosity, and in the section studied the 
calcite veins arc in the layers in which the magnetite is most thickly 
concentrated. Calcite is also scattered throughout the entire section, 
but it is much more abundant and in much larger pieces in the layers in 
which magnetite is also most abundant. Uralitic hornblende eonstitutes 
the principal component of the coarse-grained layers between the richly 
magnetic layers. Its fibers are all elongated in the same direction. As­
sol'iat.ed with them are a few wisps of biotite, and in the spaces between 
tlicse are little nests of calcite. Scattered through this mass are small 
!,(rains of magnetite, which are in nearly all cases arranged roughly in 
lines. The biotitc is the only component that is not in all cases oriente<l 
with the schistosity. Although most of the wisps of biotite that are em­
bedded in the hornblende lie parallel with the hornblende fibers, many 
others cross them nearly perpendicularly; and the wisps that penetrate 
the calcite are arranged radially, in some cases forming radial groups. 
The biotite is evidently the youngest mineral in the rock as its spicules 
cross indifferently the borders between hornblende grains and calcite 
~rains. They were evidently not present when the schistosity was 
produced. 

Where epidote veins cut the lean ore, the epidote is bordered con­
tl'n lricaHy by thin selvages of hornblende, layers of nearly pure magne­
tite, and layers of mixed magnetite and hornblende. 

Pcgmatite fragments on the dump are often garnetiferous, and one 
specimen shows ,L mixture of sugary marble and light red garnet with 
the pcgmatite. The relations of the two rocks could not be determined. 

A selected specimen of the lean ore, analyzed by Dr. J. 1. D. I:linds, 
of the Tennessee Ceological Survey, gave: 

Aua/ysi.v of l,,u11 or" from the 1'l't'yarde11 111im·, near 81,,,[l Cri'e~·. T,·1111, 

~iii,·:, (SiO,l ..... . . ... .... . . .. . 2~ . li5 Lime (CaO) . . . . ... .. . . . . . . .. JO 2.J, 
Alumina (Al,O, ). . . . , . . . . . 0. 48 Phosphorus pentoxidt• (l',O;) . , , , 0 . l(j 

11m·ic oxide ( Fe, O,) ... .. .•.. . , . . l!J . 30 Titanic dioxide (TiO,) ...•.. , 0 , 0U 

~lagnctilc ( Fe,O.1) . • .. •• , •• , • • • 37. 4(i Carbon dioxide (CO,). . . . . . . 2 . 70 

~Iagnesi:,(MgO) .. . ... .. .. 0 . 00 Water . ........ . .... .. . .... 0 . ~8 

O!J . !JO 
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At the Ellis mine the vein is said lo he 10 feet wide. Its strike is 
about 10 ° to 15 ° north of west, but it varies slightly. The dip is south­
erly, as high as 45 ° in places. The vein rock is much shattered. Large 
coarse hornblende masses are cut by quartz veins and by a few streak~ 
of pure magnetite. 

A magnctometric reconnaissance of the country between the Tee­
garden and the Ellis mines showed a continuous magnetic line between 
them. ,s A short distance cast of the Teegarden opening is a pinch 
in the vein extending for 100 feet. Beyond this to the eastward another 
lens is indicated, and beyond this another larger ore-body that is folded. 
llclow the present level of the mine and farlher west another ore-body 
300 feet long is to be expected. However, none of the ore-bodies are 
large, and Hamilton's estimate of the probahle ore that might be reached 
by the two nunes 1s 250,000 tons. 

Heupscup Ridge prospects 

Heupscup Ridge is the spur of Big Y dlow Mountain extending 
northward bclwecn Shell Creek and Hampton Creek. On the cast slope 
of the ridge arc a frw outcrops and several prospect holes that mark the 
westward comse of the vein through the Teegarden and Ellis mines. 
On the west slope of the ridge, near Hamptoa Creek, a cut was run into 
the hillside year~ ago by a Mr. Young. Although the cut is now so 
overgrown that no rock can be seen in ils walls, from the size of the 
opening it is safe to infer that some ore was obtained. 

The rock exposures on the road between the mines and Shell Creek 
are of a light-gray granite, presumably Cranberry, which is coarse an<I 
gneissic in some places and finer and banded in others. No schists were 
associated with either type of the granite, but it is streaked in places 
with pegmatite. 

Peg Leg and Old Forge mines 

On the divide between Hampton Creek and Doe River are the open­
ings of the Peg Leg mine which has been worked intermittently sinec 
colonial days. As late as 1885 ore was taken from the surface to supply 
the Doe River forge on the banks of Doc River. In 1898 the place was 
reopened by Lhe Crab Orchard Iron Co. and about 1,000 tons of on• 
was shipped. It was then again closed ,wd remained idle until l!ll'i 
when it was prospected by the Magnetic Iron & Coal Co., without sa­
tisfactory results. A cut was driven liOO l'eet in an easterly direclion 
through a vein 50 feet wide, of which aboul a third was lean ore. Au 
analysis of a sample of the ore by Dr. J. I. D. Hinds resulted as below: 

nHamilton, S. II., Unpul>lishcd report to Tennessee Gcol. Survey , 

.\llN Jes AND PHOSl'lcCTS IN SILJCJ•:orn-; MAGN ls'l'lTE~ 127 

A,wlysi.v of ,amp/,, 4 l,·,111 or., from norlhca.vl Clld of ll1t: P,·y Ley pro.vpcci, Curia Co1111/y, 
Tcnue»ec. 

Silica (Si 0,) .. . ........ ....•... . 
Alumina (Al,O,) ....... ........ . 
Ferric oxide ( Fe,O,) ... .... . . , . , 1 

Ferrous oxide (FcO) ... . . ...... J 
Manganese oxide (MnO) . .. .... . 
Lime (CuO) ........... . . . . . . . . . 

23.52 
. 60 

66.15 

0 . 00 

7.20 

Magnesia (MgO) ... ........... . 
Barium oxide (BaO) . .. .. ....• _ . 
Soda (Nn,0) ...... . .... . . .. . , . 
Potash (K,O) . ..... .......... , . 
Phosphorus (P) ... .... . . .. .. . . . 

Tr. 
.21 

I. 12 
Tr. 
Tr. 

!J8.80 

Mr. E. ll. Kirby in a report "on the iron resources of the Doe River 
valley states that the east cut of the Peg Leg mine shows ore averaging 
33.8 per cent of iron through a distance of 150 feet along the vein, and 
that it may be broken in faces 10 to 17 feet wide. 

At the opening made in 1917, which is about one mile south of Roan 
Mountain station on the road up Doc River, is a large <lump of fresh 
roek on which nearly all the varieties of rock seen at Cranberry may he 
recognized. The ore fragments show a very rich, coarse magnetite like 
that of the later ore at Cranberry. The ore, as seen under the microscope 
is very much like that at the Kirby place. (Plate II, B and page 5!t). 
It consists mainly of green pyroxene and magnetite, the former in large 
anliedrons that often possess smooth curved boundaries. They are 
slightly pleochroic in yellowish-green and pure-green tints and are 
crossed by numerous cleavage cracks, by the diallagc parting, and by 
many irregular fractures that arc filled by quartz and calcite. The 
magnetite is in irregular masses between the pyroxene grains, and often 
s111Totmding several. Where magnetite is absent as the filling of the 
inle;.stitial spaces between the pyroxene grains, its place is taken by 
quartz, or by quartz and calcite, with a few fibers or wisps of uralite. 
Iu the narrowest spaces between the pyroxene a thin filling of uralite or 
of ealcite may exist alone. :Moreover, where a pyroxene is in contact 
willi lhc quartz-calcite filling the pyroxene is bordered by uralitc and 
in some cases uralite spicules extend entirely across the space occupied 
by the filling. Here and there are large grains of epi<lote, but they are 
rnrc. The same mineral occurs also as little veins in the magnetite. 
The filling appears to be secondary. 

The Old Forge openings are about 500 feet from the west bank of 
Doc River, nearly opposite the Peg Leg mine. The place is now over­
grnwn, but Hamilton states", that old pits and float ore are so distrib­
ull'd as to indicate a vein about 100 feel wide. .Mr. Kirby in the report 
already referred to, says that on the west side of the river the ore appears 
in two streaks ti½ and 5 feet wide. In the first streak the total iron 
eontent of the ore determined was 39.98 per cent and the quantity of 

, 109uuted by S. H. Hamilton, throu1ih courtesy of Mr. M. F. Miller, Erwin, Tenn. 
U1111uh1Jshed report to 'f'cnnesscc Gool. Survey. 

aounpublishccl report to Tennessee Geol. Survey. 
I, 
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magnetite prcsl'nl ~8.8<l per (·,•11t. In the second streak the total iron 
was 21.:.10 per c,,11t and the magnetite only 7.73 per cent. Sixteen lnm­
dred feet beyond are exposure;; of "36 JWr ct>nt ore in a face Hi feet wide," 
and on tlw crest of the hill about l,:l00 frel farther west is an old shallo1V 
pit that 1111c'.OV!~rt•d a vein 7½ feet wide. ":\Ir. Kirby believes that len­
ticular ore bodies follow one another along both the strike and the dip 
of the vein, that there need be no fear of the stoppage of the ore, and 
that the magnitude of the available reserves depends solely upon tl1c 
c~st of mining and concentrntion. 

Horse Shoe prospect 

In th!' little hollows running back into the hill on the west side of 
Doe River at the horse shoe curve arc a few exposures of ore and much 
float ore. About half a mile from the river and 600 feet above it the most 
promising exposures have been prospected by several pits and small 
cuts. The country rock which is mapped as Cranberry granite by Keith 
is markedly different from the Cranberry granite farther east. l\lusl 

of it is strongly schistose and very dark. It seems to be very chloriti!' 
· and its feldspathic constituent is crushed and drawn out into lcns('S. 
It is intcrlayered with light-colored granite. The impression made l,y 

the relations of the two rocks is to the cffeet that the granite had intrlHkd 
a schist series, in some places the granite being in great excess a11<l in 
others the sehist being more abundant. Where the granite predomi­
nates the result is an area of granite, streaked in places by schist; where 
the dark schist is in excess there ii, an area of schists cut by granite. 

At the two large opcnin •s examined the vein rock is very dark. Ii 
is cut by pcg-mat-ite, epidotc and quartz veins as at Oranb •rry. l\lor,·­
over the ore contains much green hornblende. Th • slrike of the n•i11 
is apparently a little north of west. If this is correct, the vein is probably 
a different one from that on which the Peg Leg deposit is situatl•tl. 

Hamilt o11 quo tes Kirby as believ ing that the vein ,it U1c Horse :-Ii,~· 
openings is a diffc.rcnt on· from Lhal at the Old Forgo prospect. :'ll n.,1 
of the ore was l'ouml lo be of low grade, but one str uk 400 fe •t long 1111,I 

about 8 feet wiJe assayed 31.!) per cent of iron. 

Kirby's conclusion is that the available iron ore resources of 1111' 
Doe River ,·alley between the Peg Leg and the Horse Shoe mines al()![•'· 

gate from 180,000 to ~70,000 tons hut that the veins might yidd on· 
indefinitely if it were not neccssa1·y to consider the cost of mining. 

Jn oi·d r lo learn whether the crude ore of the area would pay 1" 

cone ·•u t ralc, Kirhy made up sampl ·s uf U1c or• la.y(•rs UL tlw l.'c~ L,·~. 
Old Forge and Horse Shoe 01 enir~gs, c:rushcd the111 to 20 ind1 1111.•sh :11 111 

subjcc:Lcd Lhc pulveriz ,cl ore lo the i11fl m·ne of a 111ag1t ' L. The pr,u·t"'' 
resul t~:d in a produ ction of 32.5 per t·1·11t of tL hi gh-grade couc•J1ln1k 

anJ <i7.;j per cent ol' tailings carrying 17.1 per cent of iron . The compo­
sition of lite nude ore and of the concentrate is gin•H as Lelow: 

:lnaly."·.; oJ crud,, ore 1111d co11ee11trulc from 1',·g L,·g 1111</ Old Forge OJJ<'lli1tgs, Carter County, 
11

t.:ltlH'8St:C. 

Silica (SiO,l . . ... ..... . . , . . • • . . 
Iron (Fe) .. . 
Alumina (Al,O,) . _. , . .. . •.. 
Lime (CaO) ..... • , ..• , .• , , •• 
Maguesia (MgO) .. . ... . , .. . _ ... . 
Titanium dioxide (TiO,) . . . . . . .. 
Sulphur (S). . . . . . . . . . . . . . . __ .•• 
l'J10sphurus (l') . . . ... .. . . .. . ... . 

Crude urL' 

:J!l , 8(i 

:J:l. 80 
5 . U8 

8 . H7 
4 . 31 
.oo 
.O:J 

Tr. 

C,,11c,i11lrtllt' 

G 54 
G4 5~ 
1.18 
l.'!G 

l.G:! 

Tr. 

:'!fr. Kirby dcelares that a very rich proJuet may be obtained from 
1111· ore of the Doc River valley, but that as it requires 2.8 tons of the 
n11de ore to make 1 ton of concentrate, and the coneentrntc would have 
lo lu• sintered before charging to the furnace it is doubtful if the operation 
1rn1dd pay. 

Julian prospect 

. .\b'.>Ut one mile south of the line between the Peg Leg and Horse 
~l11>L' mmes, and therefore about the same distance south of the Cran-
1,..rry ,·cin is a prospec,t hole on the west side of Shorr Hollow Ridge 
1,,,1 1n·Pn Heaton Creek and Sugar Hollow." The old dump shows lean 
11n· 1·o111posed mainly M magnetite and epidotc. An analysis of a speci-
111L'11 1,y Dr. ,T. I. D. Hinds, of the Tennessee Geological Survey, gave: 

/' ,,,li11L <111aly,i, of >JJ<"cim,·11 of iron ore from Julian laud, Carter Co111tly, Teimeaaee. 

~di,·a_i:-iiO,) . ... ...... . ... . ..... 48.20 Lime (CaO) . . ................. 14 . 80 
i'I""";'," (A!,O,) .. . . ... . . . . , . . . 5 . O:J Magnesia (MgO).... . . . . . . . . . . . u. 78 
'"" 

1 
·,·) • • ••• • • • • , • ••• • ••• •••• 15 . G8 Phosphorus pcntoxiJc (P,O,) . . . . 'fr. 

Campbell prospect 

, Ou. the strike of lhe vein pas;;ing through the I>eg Leg and Horse 
~,,.,,. 111mcs and ahout half a mile west of George Creek, prospecting 
·'"' 1,egun over an area in which pieces of exceptionally rich ore had 
L,·,·11 f )II) d ' . ] . 1 1 , ..... magnetic survey s 10wed attract10n over a larger area 
:i,.,,, al the Cranberry mine, and active operations to mine the ore were 
-:.,i l,•d. • However, some of the backers of the project were drowned 
IL ii T"t . <l' 

· I(' 
1 amc 1sastcr and work was abandoned. The eomposition of 

1111
· 11 r~·• as quoted by Hamilton"; was: u2.u to Ci7.0 per ecnt of metallic 

•1" 11 !h•J :J ,>- l f ·t· ( ·o ) , , --~ per <·en o s1 1 1L 1 : , 0.05 to 0. 1 !) per ceu l of phospltorns 
/ <: 'll,id Ho titanium (Ti ). Eaw.ilton stalt•s. on the 11.uL11ority of Hon. 
: <.:_1111JJhcll, thu.t scve'ral Lhou.s:u1cb of dnlliu·;; worth of work had I., en 

•,« 11 ,· 111lhout fi cl' · · 1 • n 111g ore rn commcrcia quantity. 

\t,~iractcd from Ha.milton's unpuhlishc cl r·crwrt to Tonncssea Geol. Survey. 
\h•Hracll•d from Hamilton's unpublished report to the •rcnncssce Geol. Survey. 
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Chestnut Ridge prospects 

·•1 l 1> 'J . !'<>1·111" lli•, diYidc l>cl\Y,·,·n Doc River and Georgl~ C 1estnu \.I ge ·' ' . . ) , I • 
. k O ti . . ·t side of the ridge ahoi1 L half way dm11l t H .. s ope 

Cree · 11 w "cs · f' 'd t' I . k 1- . l . . it ·rnd snnll l unncl in a vem o cp1 o IZCl of Little Roe . \.HO ) is tl CL • • Tl t 
. rmatite cont·1ining ·a one foot wide magnetic seam. 1c coun_ ry 

peg . 1·. '. . ., ·t. It is mapped hy .Keith as Cranberry gramtc. rock is a sc us lose g1 ,m1 e. 
. . f Chestnut Ridge locally known as Straw-From an eastern spur o · ' 

bcrrv Ridge, some ore was shipped in 18!)0. . 

• ·1 t f Li t tle Rock Knob are outcrops and magnetic 
About a nu e wcs O 'l'I t , 

t I It b Ut 4 000 feet long. 1e couu r) t . . . •tn east-wcs )C a O , 
attrae 1011s o, l.r • . · . . l .. l'k. that at Cranberry. 

k ... C .. b , -r ' gramte and the vem m,11. er I e . . . 
roe IS l,\Tl Cl ) • , ·n J , . , , b t other v1s1ble CVl-
!\. f >its and small piles of ore can st1 JC seen, u 
. ew l . . . . k' ; The work al Lhis place was done between 
dcnce of Lhe vem is lac )mg.cl_ . ·t' f J Il Engelbert , according lo 
18H5 and 18!)0 under t 1c nee 1011 o . •. , · .. 1. >d 
Hamilton". It apparently uncovered a fa1r,y large o1e u<_ y. . C 

bl I •... llJJed by Ke1lh" m a.rtcr These openings are proba y t 1e ones 111,1 

ti Stat . 1·1ne ·tnd referred to in the text as prospects. County near 1c c , • 

Magnetic City prospects 

At about the location of the 
I tl ro ·scs into sharply to t 1e sou 1, c s 

E11gclbcrt openings the_ vein turns 
·urth C,u·olina and contmucs south-

ward until lost. I · I 
·1 ti f the Shte line is a group of prospects w lll'' 

About 1 m1 e sou l ~ •· N't, " under Lhc name ",Jenkins ore 
are probably thos~ dcsc1:1be~ b~l'cn\~e Census report as being on ti,,· 
bank," and rncnt.10ned m t ie . 't . t ,d ''½ miles abo\'C the 

. 'l'I . i.u 01 ><'ti m gs arc s1 u.1 c ~ 2 . \\ 1l<lcr placL' , H! IJl,L · · l 1' •... , State 1111<'. 
. , .. ('. ',k . I l mil • south of t le c1111cssce ._ . . 

mouth of Grca:,,y ,1ce ,uH f LI J JL irth1•st rikc.of lh•w111. 
. I l' 't'Uj)'ilClll ](){) cc 0 11g , 0.... . . I 

One opcm!\1-( " ·as , L a g . 
1 

• 
1 

• .. . nee worked Lo sup p~-
r 1 l I • <·n•ck lcH: ,mt " ,1s o H was 1:IO eel a )tJV' 

1 
• - • ' • , d L IJ. 18 f •cL llii,-k 

1 t' c· t . The orc-bodv IS n : J>Ol'LC O .. 
:t for ,-•·(' a t :\ ague IC . 1 ·' . 1· . Th g-m,•ue is s11111-

1LI1 d i> 111: lik ' Lile ore-body :il the Cml.ll t:>· rry 1f11utl~: ore to ~h; giuq,:m· i, 
LI b r ·v bu L t he ·1· • a 1011 o · I 

las to iaL a ra u e ' J' I 1 . h . . " 1,cµ; matile an, 
'l'l •t ·il ·e of the t:u11ut:J:y roe ( w uc IS . I · 

noL kncnrn . 1e s I ' . . 1. . , · 4r..o SE' •\11 an·tl,rs is'° ol l 1<· · " · N r .- o _E 'l llU LL-; uq) .> • • ' •' l1ornbl •11<lc: g n (' l>'S, 1 · 1 · ,>;J ., ' · · · b low 
dried ore taken from a small pile at the pit is given c . . . wn· 

. . "-0 f . •t above the creek level" is m a , A smaller open mg 3;J <.~ _ • • d. and 11<"ar 
f f. r•mgue about :1½ feet WI e, • . 

I ustrous compact ore rec I mn g, ' .1 . t· . another opc11111~ 
. . . J • . t . I t the same l' e, a !Oil IS • , 

tl1c sumnut of the n ge ,\ ,1 )OU • ·1 t . nd widening to al,,2 
} . I I . ·t11 ore body 1 foot tluck at t w op , l -W llC l S 101\'S , •· 
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feet at the hottom of the cut. This also is free from gangue but in its 
upper porlio11 it eontains numerous quartz grains. The ore in these 
smaller openings differs from that in the larger one in that no horn­
blcnJe-epidotc ganguc is present. It also differs in that it is markedly 
titanifcrous. The analysis below is of an average sample from the two 
openings: 

l ' artiul fl1talys,·s of ore from near llfag11dic City, Jl,Jitclwll County, N. O. 

Silica (S iO,) .... . ......... ... .. . . . 
Iron (Fe) ............. . .... .. . . . . 
Sulphul' (S) . . . . . . . .... . .. ... • ... . 
Phosphorus (P) . . ..... . . .. . .•. . .. 
Titanium JioxiJc (TiO,) . . . . . ..... . 
Phosphorns ratio (P-Pc) .. .. . . , , .. . 

A , ·,·rngc 
L uwt'.r cul or up rw r ('li ts 

6 . 58 
03 . 41 54 .48 

. o~:: 
.012 oss 

4.0U 
. 010 .OGO 

Evidently ti1e three deposits arc not on the same vein, though close 
together. The occurrence at the large open cut is similar to that at 
Cranberry, both in the character of the ore and the nature of the gangue. 
The other oecurrences are unlike that at Cranberry in both these features 
and ani Jjk • Lbe occurrences of tita11ifero11 ore in Asl1e t:ounly. 01t I he 
ol11cr hun<l lhey arc not on the tita nifernus l elt dc.serih <l by Nilze as 
lil·in1-t soulh of the C ranberry h •lt and paru.Uel to it . IL is pro l,ablc 
that llie deposits arc entirely intlep •n<lcnt of t he deposits ()0 NilzE>'s 
"Hoan Nlotml ain tiltmiferous l,elt," and il is prububle Lhat. Lhcy 1.u·e 
i1ull•pCJ1 tknL of each olher. At any mte, no eon.nection can be showu 
lo exist between them. 

Deposits between Magnetic City and Toe River 

From the Jcnki.ns pbce N.itzc 0 reJJorts that tl1 Cranberry belt 
ur ore has bctm traced in a ·ourse approximating S. 50 " to 55 ° \V. to 
Toe Rh er, but he mentions the occurnmce of the vein only at the fol­
luwi11g points : a11 oulc.roppi.ng on Bad C reek, 2½ miles u. liovcits mouth 
on th Ju.nu of Chtts. Gm·lan<l; an op(t1ting 011 ,t body of ' ,nixed ore and 
ltornblcnde," 1 uiil northeast. from the Gu.rJand µlace on the wat ' J'S of 
ll1•au Creek: nn outt·rop n<"ar P e terson's mi.II on Bnrmmctts' Creek, 2 
lllilcs above its mouth, awl anol11cr at U1e Elisha Street vlacc on lite 
1111 rl11 cast side of T oe River, Jmlf a "tile L,clow t!J • mouth of Pigmm 
lloo~t Cr eek. Only the P ct<-;rson o ·cu.rre11cc, is J cscribecl and the clc­
StTi111ion of U1is is limited lo t he statemen t tha t 'the outcrop is fully 
:uJ ftct a Toss in a nmssive bluff, but iL is very lean; its strike is 
5.i .E. ; div SE." 

The Peterson place was visited by the writer. It is now owned 
by Julie Herrell. The vein has been opened recently, as the dump is 
frl'sh . The opening 1s ii hole blasted in the face of a cliff. The sur-

IIQp , Cit,, p . 181, 

1 l 

1
11 

I I 
11 

I 



~1.\UNE'l'lC !HON OIUo;H 01" E.\HT TENN .. \NU WEH'l'EHN :-i. C. 

rounding rock is eviJcully Cranberry grnnite. This is nossed by 
narrow hon1hlcude-epiJote veins spot led by magnclik a11d cut by 
magnetite vciulcts. Tl1e ore is a mixture of granular lior11hlc11Je and 
small grains of magnetite. The occurrcnec is a small sealc replica of 
the Cranberry Ycin, except that ils walls arc not so well defined. 

On the road between Relief and ltcd Hill L\\'o other small deposits 
have been uncovered. If these deposits arc on the extension of the Crau­
berry vein, it must have divided inlo a. nu111hcr of parts. Tlwre is evi-

. dcntly no continuous vein iu this portion of the district, LuL lhe deposits 
arc in short parallel indepelllleut Ycins. On the south side of tl1e road 
about a quarlcr of a mile east of Brummet Post Office, .J. ''" · l-I11gl1t•s 
opened a vein 2½ feet wide in a while gneiss, and a quarler of a mile 
cast of the crossing of Rock Creek, A.G. Henfroe has some explorations, 
hut in neither ease was unything promising developed. 

Between Rcnfroe's exploralions and Rock Creek, blasting for road 
improvement has thrown out excellent, fresh rock that appears to be 
Cranberry gra11i le. 1 tis an evenly banded ligli t-gray and dark-gray gneiss, 
in which tlie dark layers arc much more rnicaccous thau Lite liglit ones. 
lloth contain many small red garnets. 011 Keith's map of lite Roa11 
]\fountain q uadriwgle this area is co.lured for Roan gneiss, Intl since the 
Roan g11eiss is indicated as allernnting with belts of Cranberry grauilc, 
it is possible that the rock being blasted is in a narrow bdl lhat Keith 
did not see. 

MADISON COUNTY, N. C. 

Big Ivy mine 

After crossing Toe Rin,r no further outcrops of the Craubeny vei11 
have been discovered, bul tl1c Big Ivy mine, which is in Madison County 
25 miles S. 50° .E. from tl1e 1i10uth of l'igeou Hoost Creek, is on ils strike. 
The llig Ivy mine was not sel'u ·by the ,nilcr. Nilzc, howcvN, examim•d 
it und from his description we learn tl1at it is on the only consi<leraLle 
deposit discovered in l\iadison County." The mine, known also as the 
Heck mine, is u miles north of Alexnndt•r, on the south side of Big !Yy 
Creek, 3 miles above its mouth. Two prineipal openings and a uumhcr of 
minor ones on the north slope of a l1ill expose ore. Tl1e lower mai11 
opening, a loug trench 150 feet above llie level of Big Ivy Creek, cuts a 
vei11 !)8 feet. wide between walls of l10rnblendic gneiss. Aboul 4(i feel 
uf the vein is occupied by masses, or hor.,cs, of hornblende, l'pidolc, am! 
tiuart.i (probably pcgmutitc). The othl'r 52 feet consisls of a hard 
<"01upal'I 111aguclik, with the composili1111 g:iven below. 'l'l1c uppt•r maiu 
01>1; uiJJI:( is a long cut several huu<lr d ft."el S. 40° '\<V. frou1 Ll1e tre11('h 
a11d !IO rcet abo\"c it. Herc the orc-hud,r was not entirely c·11L lhrnugh. 
1L was, howcn'r, uncovered f.:,r a wicl tl1 '>f :JO fret. Tl1is ore is more 

~IIN~;-; .\:\'IJ PHOSl'ECT.~ D/ HlLICEOlJ:~ M.·\GNB'l'ITis i 

granular than tliat lo the northeast and resembles tl1c Crnuberry "ral­
tlcs1iake ore." l?loat has been found as far as :.l miles farther northeast, 
s11g:g\'sti11g tl1at the vein runs in this direction. 

In tl1e Tenth Census Report•• the ore is described as being a mix­
ture in various proportions of pyroxene and magnetite, the former de­
creasing toward the center of the vein, but being present to some extent 
thro11gl10ut the, cu tire deposit. It was estimated that the ore rich 
enough to hear transportation did not have a greater tl1ickness than 
10 feet. Analyses of this ore are quoted below: 

l'urtiul analyses of ore from Big Ivy mine, .M udison Co1111ty, N. C. 

Silica (SiO,) . . . , . ... . . . ....• . .. ... 
lro11 (Fe). . . . . . . . • , . . . • 
Sulphur (S) . . .. , , . . • . . . . . . . . . , 
l'l,osphorus (P) . . . . . . . . 
Phosphorus ratio (P :Fc) . . ...... .. . 

"10th Census U.S., vol. 15, p . 377, 1881\. 

Ore from 
trench 

15 . 54 
48.54 

.012 

.019 

.039 

Rich ore 

57 . 84 

. 021 

. o:rn 
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Pennington opening 

T~e C. Pennington opening is a pit on top of a low hill overlookin" 
Wallen s Creek. It is about I½ miles southwest of the McCarte; 
place nn I a lmu.t l1alf n. 11ril<: 1101·Lhw •st of }[r. l'cnuin" Lon's Jiouse Nr ,· . J · · c • C,ll 
t IC r)lt ls ". :< mall_ l_>d_g<• o l' lturul1l,•11c.l c, 1>111 110 <)lh 'l' r,wks m:e expos1•d in 
Lhe ~nedr,'.te v1c1'.11_1.y of Llie l1olc. On Ll1 · rottc.l to LIi e en.st arc fairl y 
massive sdusts strikm~ N. 20 ° E . RllU uipping high to tltc sontli r ust 
that ,~re not unl1kc tl iosc on Ild tou Cr •ck south of Ll1c lurby mi.uc ·a; 
Stmgill. l 

Nothin~ can now be see11 but the dump on which arc piei;:es of urc 
composed of hornblende aud magnetite. Nitzem declares that the ore 
co11sisls of an 8-!out ''.·i<le vein of a fine-grained, compact, steel-gray, 
g1·an~l.ar ma~11rt1te w, th a little gangue which is 1,'Cncrally epidote. 
He g1 vcs no further dctaik 

Analyses of three spcci111ens, probably of selected samples, gave 
the following results: 

Partial 111111/y.91•8 of ore from Pi,1mi11glo1L opening, ,uar Sturgill, A8itc Cou 11 ty, N. C. 

1 2 ~ 
Silica (SiO,) . .. . . . . . .. , ..... 4 n, 4 . 72 5 . 07 
lt·on (l•'c) ... ... . ·· ·-•·. 52 . 2:i 5\! . 44 52 . 45 
Sulphm (S) . .. . . .. .... •. .. . . ll\! .077 
Phosphorus (I') . 01\! . 004 . 022 
Titanium dioxi,lc (TiO,) .. . , . l:l !II 5 !l8 !l . 11 
Chrnmic oxide (C .. ,O,) 1 . U) 

Phosphorus ratio ( l' : J?c) .. . . OIO . 007 . 042 

The ore pic·ked from the dump shows 110 epidotic gangue. It is 
very mud1 like that of tl1e mine of the old l\ieCarter place, west of Ship­
pey llm11ch (see page 2lii) . It consists of broken, fresh magne tite• 
fra?mcnts, otl1 ers that are now composed of interlayered yellow and rl'd 
rutile and magn,•Lil.c, or ilmenite, and a mass of light-green fibers a11d 
plates, which in some places constitutes oval areas that are almost 
is?tropic, and in others a kind of interstitittl weakly polarizing aggregate 
with great numhers of brightly polarizin" green fibers scattered thro11°·]1 
• (' - t, ,., 

it. See Plate XXII, Band C.) Some of tJ1e fibrous aggregate has i1 radial 
str~cture. as though representing the :tlteration of u p1·imary mineral 
gram, wl11le the rest is a confused aggregate which surrounds the more 
defini~e areas us though representing a matrix. Thi-ough all of the 
material, wl1ctlwr in definite areas or not, there arc numerous little 
clumps and prisms of rutile and tiny grains of magnetite. The fibers 
of weakly polarizing aggregate, which may be some variety of chlorite, 
a:c often arranged perpendicular to the peripheries of the large magne­
tite grains and perpendicular to the walls of the cracks that are so nu­
merous in them. Evident ly the fibrous material is entirely seconuar~·, 

"'◊p. cit., !>- lu0. 

MlNEH AND PHOHl'ECTS IN 'l'l'l'ANlFEHOUS ~l.,UNETl'l'J,;,; 217 

but the charaeters of the minerals from which it was derived are not 
certainly known. It is probable, however, that the original ruck was 
basic, probably very much like that at the Smith place. 

ALLEGHANY COUNTY, N. C. 

In Allegheny County, which adjoins Ashe County on the east, a 
zone of hornblende schist, often altered to steatite or soapstone, and 

· carrying crystalline grains of titaniferous magnetite, which in some places 
is concentrated into workable ore beds, crosses the State line at a point 
about 3 miles west of the east line of the county and follows the Little 
River southwestward.m 

Where concentrated into lenses the magnetic ore is a course or fine­
grained, lustrous, granular mass with a steatite or an asbcstus gangue. 
Analysis 216 of a sample from the Carrico farm at the north end of the 
belt gave: Silica (SiO ,), 6.20 per cent, iron (Fe), 54. 72 per cent, sul­
phur (S), 0.038 per ce.nt, phosphorus (P), 0.047 per cent, and titanium 
dioxide (TiO,), 4.860 per cent. The belt is bordered on the northwest 
and on the southeast by quartz zones carrying a little menaccanite. 

The steatite impregnated with magnetite continues for 6 or 7 miles 
farther southwest and at several places is said to he bordered on both 
sides by quartz and. hornblende schist. Below the lower hornblende 
schist is another steatite layer that is magnetitic, but nowhere is the 
magnetic mineral known to be concentrated into workable deposits. 
About 9 miles farther southwcst21 •, uud half a mile east of the mouth of 
Pinc Swamp Creek, however, there is a heavy outcrop of the mag·nctitic 
soapstone on the farm of H. Crouse, where a fragment of compact ore 
was found to contain silica (SiO 2), 3.08 per cent, iron (Fe), 57.54 per 
cent, chrnmic oxide (Cr,O,), 11.05 per cent, sulphur (S), 0.016 per cent, 
and phosphorus (P), 0.007 per cent. No titanium was reported. 

Southwest of this point the steatite rock is lost and magnetite de­
posits show neither high titanium nor chromium. 

Nitzc gives no description of the "quartz" or the "hornblende 
schist" associated with the ore nor of the relations of these rocks to the 
"steatite." It is significant, however, that the ore is associated so closely 
with a rock that is quite different from the rocks that accompany the 
non-titaniferous ores. 

A VERY AND MITCHELL COUNTIES, N. C. 

DISTRIBUTION 

In A very and Mitchell counties Nitze" 7 describes a belt of titan­
iferous ores as lying from 3 to 5 miles south of the Cranberry non-titan-

~uNitzo, H . l L C. 1 Op. cit. , p . 125. 
:?15[cfem., p . 121>. 
::uJclom., p . 1~8. 
"'01). cit. , !)JJ. 182- 18:1 . 



218 MAClNJo:'l'JC litON OHE:-; 01•' EAH'l' 'l'J~NN. AND WJ•,H'l'EHN N. C. 

iferous lwll allll generally parallel to it. He states that it begins al the 
mouth of Roaring Creek, 7 miles west of south of Cranberry, crosses 
near th~ hcaJ of 01~ Cabin ~ranch, tlien trends northwest over Grassy 
Bald R1<lgc, where 1t passes mto Tennessee. 

"Tia, la·lt Lra,·,•rs.•s I he edge of Tennessee for a distance of about 4 miles, lieudiug 
grnd'.1ally towards Llw soutll\wsl and crossing into North Cnroliua near the headwaters 
of Big Hoek Cn·,·k ... ; Lhcne,· it continues in a generally southwesterly dircctiuu 
across the Hoan High Bluff and Fork ]\fountain, and along the waters of Big Rock 
Creek, lo the Yan!'ey county line nt Toe Hinr, a distance of about 9½ nliles." 

No reason is given Ly Nitze for supposing this line to be continuous, 
or even to Le a <lefinite series of discontinuous lenses. At its eastern end 
the course ascribed to it crosses the structure af the country, and its 
direction Joes not correspond with the strike of the veins supposed to 
comprise it. 

Senia deposit 

At the mouth of Roaring Creek 011 the land of the Toe River Land 
and Mining Co., Nitze"' found some shallow openings in an altered 
olivine rock showing streaks or seams of magnetite not over two inches 
thick. 

There is at this place a small strip of massive dunite that is shcareJ 
in places to a d1lorite-talc schist. In this is a vein of magnetite mixe<l 
with a little pyrite. The vein as a whole is made up of a series of twist­
ing veinlets each of which is not more than an inch or so wide, but whid1 
together constitute a stockwork about 8 inches wide. At the time of 
the writer's visit there was little to sec at .the pit which was full ol' 
water. The ore is a fine-grained, glistening variety like the titaniforous 
ores elsewhere. 

The dunite is a fine-grained, yellowish-green rock which unucr thl' 
microscope is resolved into an aggregate of olivine and a very light green 
tremolite, a little antigorite and a few grains of a very pale chlorite or 
serpentine. llctween these minerals arc small areas of a structureless. 
green, faintly polarizing material that may be serpentine and here and 
there are dumps of skeleton-groups of magnetite or chromite smrounded 
by a corona of serpentine plates. Tl1c section is almost a duplieatc ol' 
that of a <lunite pictured by Pratt and Lewis'" from Shooting Creek, 
Clay county. 

The country rock surrouading the serpentine is Roan gneiss, whil'l1 
consists largdy of layers of a dark, massive rock that looks like a fine­
grained dialiase. A ,·ery fine-grained phase of this rock resembles i11 
appearance a baked shale. Under the microscope its section shows 
mainly a finc-gTained aggregate of little cqui-dimcnsional grains of grcL'll 

tUldcnt., JJ , 18:!. 
~"Pratt, .Jos. H., and Lewis, J. V., Col'u1nlun1 a.nd the pcrj<lotHcs of wcSLl'l'Jl ::\orlh 

Oarohna.: NorLh (\aroHna. Gcol. Survey, vol. 1, pl. :.t :), 1Jg. 1, J!)OfJ. 

'll9 

hornblende and unstriated feldspar. The small triangular spaces be­
tween the gr:1ins are occupied by quartz, and embedded in the aggregate 
are large garnet masses made up of numerous small gmins of about the 
same size as those of the hornblende-feldspar aggregate. There is also 
present a Ycry little magnetite, which appears only as an interstitial 
filling between amphiholc grains. 

Avery place 

The qther deposits on this belt have been worked so slightly that 
they offer little OJlportunity for study. At the Avery place, on the 
southwest slope of llig Yellow Mountain, near the head ·of Ol<l Cabin 
Branch about 2½ miles north of Roaring Creek is an old hole and a 
dump on which are some fragments of a very rusty rock that may be a 
phase of the Roan gneiss. No ore is now to be seen. 

Nitze'" declares that "the country rock is a very coarse-grained 
pegmatite, hornblende schist, epidote and garnet rock dipping towards 
the northeast. The ore is a highly lustrous, titaniferous magnetite, 
compact, homogeneous and free from gangue. It occurs in tl1in irre­
gular seams and lenses from 2 inches to 2 feet in thickness." He states 
that at the lime of his visit all the ore had been removed and attempts 
to find other lenses had failed. Nevertheless, he gives two analyses of 
selected samples as follows: 

P11rli11l analysca nf ore from A.1wy place, Avery County, N. C. 

2 

Silica (SiO,) ... . . ...... .• ..•... •.. 
Iron (Fe) . . . . . ... . . . ••.•....••. , . 
Sulphur (S) ... . . . .. •. . •..... 
Phosphorus (l') . . . . . . . . . . . . . . .. . 
Titanium <lioxi<lc (TiO,) .. .. ,, .. . 

l .4li 
65 . 32 

. O!l5 

.OO!J 

4.80 

,5-1, 

(HJ . 95 

.00 

.015 
6 , 80 

As no rocks were seen during the writer's hurried visit to the place 
Nitze's observations can neither be contradicted nor connrmed, It is 
noteworthy, however, that no gangue was seen with the ore. 

Grassy Bald of Roan Mountain 

The next point on this supposed belt at which ore is known to 
occur is at the summit of Grassy Bald of Roan :Mountain where there 
is a very difforcnt ore from any other observed in the two States. The 
country rocks on the southeast side of the knob are hanued massive 
and schistosc Roan gneisses cut by pegmatite. The massive gneiss 
resembles a very slightly schistosc fine-grained gabbro and the schistose 
varieties differ from this only in their greater schistosity. 

At the pits, which are on top of the mountain, are dumps on which 
are fragments of a coarse pcgmatite made up mainly of hiotitc and fcld-

HOQp. Cit., }). 18~. 
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spar, with very _liltll: li_m'.rlz, and containing here and there large irregular 
masses of grayish, brilhautly lustrous magnetite or nests of magnetite 
and biotite. The quartz and feldspar are thoroughly crushed and the 
m~gnetite an<l biolite appear to penetrate the crushed masses. No 
evidences of the presence of definite veins of magnetite were seen. All 
of the magnetite appeared to be in the form of irregular constituents 
of a pegmatitc. Mr. Hamilton reports the pegmatitc as extending 
across the mountain in a nearly east-west direction. 

Evidently the ore here is quite different from that at Cranberry. 
It apparently is different also from that on the A very place and at 
Senia. A test made for titanium by Geo. Steiger of the U. s.· Geologic:il 
Survey laboratory showed the presence of about 2 per cent of titanium 
dioxide (TiO,). As might have been suspected from its association with 
pegmatite this ore does not belong with the more usual types of the 
titaniferous magnetite. 

Jenkins prospect 

The main Jenkins openings are on Road Ridge about 2½ miles 
above the mouth of Greasy Creek, a tributary of Rock Creek, imd 1 
mile south of the line between North Carolina and Tennessee. They 
are in a non-tilaniferous magnetite (see page 130). Other openings 
higher on the ridge, however, arc in titaniferous ore221 • One of these, 
350 feet above the creek, shows a very compact lustrous ore free from 
gangue. This ore is said to be in a vein 5 ½ feet thick. The second 
opening, near the summit of the ridge, is in a streak of ore that is 1 foot 
thick at the surface and 5½ feet thick at the bottom of the cut. In its 
"upper part the ore has small quartz grains porphyritically enclosed, 
but lower down it is free from this admixture, being very pure, homo­
geneous and highly magnetic." The wall rock is reported by Nitzc to 
be hornblende gneiss and pcgnrntite. 

An analysis of a mixture of samples from the two pits gave: Silica 
(SiO,), 6.58 per cent, iron (:Fe), 54.48 per cent, sulphur (S), 0.02:l pl'r 
cent, phosphorus (I>), 0.033 per cent, and titanium dioxide (TiO:), 
4.96 per cent. 

These two deposits are not in the belt of titaniferous ores outlined 
l,y Nitzc, but arc about 4 miles west of it. On Keith's Roan Mountain 
map they are located in an area of Cranberry granite. Unfortunately 
the openings have so badly caved that it is impossible to learn whether 
the rocks immediately associated · with the ores are basic or not. The 
country ruck is a series of schists and pegnrntites that resemble in some 
places more nearly the Carolina gneiss than the Cranberry granite. 

121 Nitzc, H. B. C., OJl , cit .• p. 1!!1 . 
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Other deposits 

The remaining deposits placed by Nitze in this belt are at its south­
west end, where a few pits have uncovered ore containing titanium, 
but in nu cases are the geological relations of the ore-bodies known. 
On the north side of Little Rock Creek, half a mile from its junction 
with Ilig Rock Creek, a small pit is described222 us exposing an ore lens 
about 3 feet across, on the land of Joel Gouge. At the depth of 4 feet 
it is entirely cut by a trap dike, which Nitze states accompanies the 
formation all the way south to Toe River. The ore is dark red and 
homogeneous, thus being unlike the other ores in th_e belt, but Nitze 
ascribe Lhis peculiarity to the presence of the dike. The strike of the 
gneisses at the pit is N. 40° E. On Keith's map this area is mapped 
as being underlain by Cranberry granite. 

Analysis of the ore showed: 

Purt·iul uuulyscs of ore from lar,d of Joel Gouge, Mitchdl Co1111/y, N. C. 

Silica (SiO,). . . . . . ............ l. 13 l'ho ·phorus (P). . . . . . 078 
Iron (Pc). . . . . 64 . 51J Tilnnium clioxi<lc (TiO,) ........ 4 . i8 
Sulphur (SJ ... .... .. , . . • . . . . . 027 

Other deJ ositi; of simi lar ore are said lo be at Jus. Hcrreu's on 
l> pper's Cr• •k, a t[ uarter of a mile from llock Creek, and 3 miles farll1er 
. cmt !J west 011 the l roperty of Irwin Hugh •s half a mile al,ove the mouth 
of Rock Creek, but at neither of these places could anything definite 
be learned as to the character of the ore, or of its associated gangue. 

The Herren deposit on Pepper Creek may be that on the land of 
Mile~ Herrell, at Pepper P. 0. Here there is an opening on the top of 
a hill just north of the .road, on which ,Lre exposures of Hmm guuiss that 
looks very .much like a shc,tred 1,asi · pmpli:rite. Nothing can he seen 
in the holes. Nilz' t ports the vei11 to ht! (J .feet to 8 feet th ick. The 
dump is also overgrown but the few specimens of ore taken from it 
resemble the lustrous crystallized ore seen elsewhere. 

The farm of Irwin Hughes was not found; but in about the same 
location, on Lhe la1td of l\f. C. lla.iley, arc some old holes whi ·h are now 
tilled wil11 soil. O.ne picc • of or• pi ·ked from Lhe soi l where the old 
dump is said to have been, is ,L bla ·k um~siYe homogeneous nrngnelilc 
tlml lacks tlic hi~h luster of tlP tit~Lnif 'rous phns s. lI the location c)f 

the l1olcs is COITl!d the su1T1)w1ding 1·0 ·k is Cranberry grnnil ·. 

The only other d •posit of tilani.fcrous magH tile known Lu o · ·ur 
i11 i\Ji t •l1cll countv is indic:atcd hy flo:Lt ncai· th head of Watlki11s Branch, 
011 lhe soulh slo1;e of l'u111pkin I.>al ·h 1\lounutiil about 2 mil •s north of 
west from Jbkcrs,·ilJ "" · An analys is of specimen.~ picked from lhe 
surface showed the presence of 4.56 per cent of titanium dioxide and 
57.!)8 per cent of irnn. 

"'Nitzo, H. B . C., Op. cit., Jl. JS:! . 
"'Nit,c, H. n. u .. Op. cil., Jl. IS4,. 



'•Similar lran·s of Float ore ha,·c b1~en l"uu111l · 1 . LI I 1 . r I . .I uug IC soul l!'rll 
s ope o I ic mo111tl:1111 rungc in a ,n·sll'rlv <fo·•"·t1'1>11 1· . . , . iJ L 1 · Rill . <l . . . •· H u1 .,, 111 es o led 

., ,lll Ill au t•aslcrly d1rcct1on for 1½, ·1 ,, l 
h

·• L I ,, 2 m1 cs, >II L uo d ·vdonrnc11ts 
,. e ec:11 111.11 l'. ,,, ·" · • 

CARTER COUNTY, TENN. 

Lost Cove prospect 

'~'he deposit o11 which this prosped was opened is des,-riLc,J I 
Hunulton"' as b1•i1w un the land of D · ,- ti S . · . iy th • .'J . ,., .n I • l l ect, OH tl1e west side of 

e II gc lid 1n)1•11 Burbank and Lost Coye Its . J · is not ' . I t . . b . . . . mo1 c exact ocat10n 
mil . g1,len_ ,1u '.L is pro ab~y the_ prospe<·t mapp<'d by I{eith"' aho11t I 

e sout l\\~sl of Burbank, m wh1eh ("IS<' it is on th l It ., · N' t I f I ·• · · e ic ues1gnuted bv 
I ze as so'.1t '. o t ie C1:anberry mine lwll aud parallel Lo it. On Keith;s 

map the JHt is shown 111 an area of Cr:lnbeny gr·mile but H 'It 
states th· t 't · · 1~ • · ., anu on 

. ,1 t ts 111 "'oan gneiss . The hole is now 1ill<•<I ''11d tl 1 
sp , , · . . f ll • · · " ic on y 

ec1111ens o 1: ore obtamablc were found as frngnwnts in the s< ·1 
Analyses of two samples were made by Dr J J J) I-I' I '.

1 
· T (' I · , · · · · • IIH s of tlie 

ennessee ,co og11.:al ::-;urvey. · 

l'a rliul 1111111,;sts of urc from Ln,/ Cur . (' rt l' I · · · <, ,a rr uun !!, 1'rnu,\-.st·,·. 
. ] ~ 

Sdi<:a (~ iOe) .. .•• . 1. -rn 
,\lu111i11a ( ,\1,0:,) .• : : : : : : : : : ,· ::::: l , ,,·r, .J. . SO :l . :!8 
!i-o1t (Fl') ,· · · · · · ·. , ·.. 5ti . OO l 
Tita11iu111di11xidc(TiOJ .. ::.: ·::: 10 _50 ,; ·

7
.J, 

l'hosp liorn ., pc·11loxide (P-,O ·) 1 .. ~ 17
; ~

0 
- ..i O O 

• • • • ' • .JI 1 f. 

I 1~ sa11Lplc ~ 0 - '! spe!'ial tests were made for zinc·, tantalum tu1wskn 
vanad1uu1, <~alc1u111 , <'O(J(l<'I' ·md tin li1it II< 11 t· I ' ,,. • · • > e WI!'!' • 0\111( 

l\i 
. . '~. c_''..n'.plck :u1alysis,of a third sample of the sanw on: was made by 
1.l,t11.11 of the same ::-i11n·ey, and <l<•t,·niiiintioiis <lf' t' . . <l f' · ·. . d • · • . . . · · · c11ous an crru: 

uon ,tn of t1tamum J10x1dc m a fourth s·tmple l\l . F • I were: · • · 1 • arrar s rcs11 Is 

Silica (:-iiO,) . . . . . . . 
Ferric oxidi: ( Fc,O,). : :::::::::: ::: 
Alu111i11a (Al,O:i) . . . , .. . . ......... . 
F e rrous oxide ( FcO) . . . . .••..... 
Ma11ga111111s oxide (MuO) . .. . , .... , 
l\lag11l'sia ( M gO) . . . . .. . .....•. , , 
Li111c \CaOJ . ........... . .. ....•.. 
Tit:u1i11m dioxi,lc (TiO,) .. . . _ .. .. • , 
Phos(llrnrus pc11tuxidc (l',0 6) •••••• , 

Chro111i11111 Lrioxidc (Cr,03) • ••••••• 

Vanadium (lc11loxidc (V20s) .. .... . . 

~:~Nitzc. ~[. II. (' .. ld(•m. , p. 1::S5. 

0 . 18 
-J.7 . H~ 

1. 2fi 
:12 , 11 
1.48 

Tr. 
Nouc 
lu .:H 

, .J,:J 

Tr. 
None 

!J!J . 72 

.J,J .uv 

l!JAH 

= H,np1,.1Uln-;lwt l l't :JJCJJ'l, t,11 'l'enuc..ro.;.~co Ci1•ol. ~urn•::r 
. ·"u.ll1Lh, Art,h,11·, ll. s. Ucol. SLlrvoy G, J \ti · · .· . • nom1c ,coloi;y map, u,o;-. ~0 

• ' a:s, H.o.ut .1..\fuuntau1 foHo (No. 151) , Eco-

:\IIN!cS .\ :', I) l'HOSl'I-:C'L'S IN 'l'l 'L\ N IFls lW t:S :\1.\1: N l•:Tl'l'l.;s 

Assuming that all the ferrous iron whid1 is not in 111ag11elile is 
JH'Pscnt in ilmcnilc, the p •rcentagc · of magnetite, ilmcnile, and rn.tilc 
present in the spccimeus, as inditat •J by the analyses, are U!UiO , \ifl.19, 
aud 4.8 for lhe first specimen, and 00.55, 27.97, an<l 4.8 for the scl·ond_ 

, ' pc<·iuwns of Lhc on: coll ctcd hy Hamilton arc as a rule a compact, 
c0tLrse.ly crystallin • black mass with a purplish tinge, containing ,L few 
s!llall white gmins in ill- defined lines, parallel to the walls of' the vein. 
In sonw places the ore has been mashed to a schistose aggregate in which 
spangles of a brassy-yellow mica coat the schistose planes. Under the 
microscop<: the white gn,ius are seen to he crushed feldspars, a few of 
whid1 exhibit twinning bars. A few flakes of mica octur in the feldspar 
and scattered sparsely through the ore mincrnl. Tiny, irregular par­
Lides of rutilc al'e also scattered through the ore mincrnl and in some 
pnrt.ions of it the particles arc arranged in lines. The propol'tion of 
l'lltilc to the opm1uc ore minerals is very much smaller than in tlic case 
of the ..\she County ores (pages 200 to 216), and there is 110 suggestion 
that it has arisen through decomposition of ilmenite. 

Other deposits 

011 the road between Shell Creek and Lunsford Branch H:uuillton 
reports lhc presence o[ several small deposits of magnetite, hnt slates 
tlrnt cx:vo.- urcs ure insufficient to ·how whether they arc of importance 
or not. Sp •cuucns picked from the surface of the "lands of 1\1.on lgomery, 
Cord •11 and otliers" on Cordell Branch of Laurel Fork eontain a com­
I arnLiv •ly large quantity of titanirnn. One specimen yieldc(l Dr. J . I. 
D. 1-Iu1ds, of tli • Tcuness e Geological Survey, the following result: 

Partial analysis of tit,uujaous 111ay111·lit,, from Lawis of !.lon/.yom,:ry, C'orddl a,ul others, 
nt:ar Shell C'rt:i:k, Garter County, 'l't:nu. 

Silica (Si OJ . . . . . . . • . . . . . . . . . . • . 1,;, 20 
Alumina (Al,O,) ..... . . ........ . 11.!lU 
Iron (Fe) , .. ... .. , . ..... . ..... . 37.40 

Lime (CaO) . ... . .. .. .. . . ... _ .. 
l'husphorus ]J!'Htoxidc (P,O,) ... . 
Titanium <lioxi,lc (TiO,) 

YANCEY COUNTY, N. C. 

5 . 20 
7.:JO 
8.00 

So fur as known titaniferons magnetites in Yancy county are spo­
radic. In the western part"' of the county near the head of Possom 
Trot Creek and !) miles west of Burnsville magnetic float ore on tl1e land 
of Jerry Ferguson contains 'Z.56 per cent of titanium dioxide (TiO ,), 

an<l 30.00 per cent of iron (_Fe). 

Six miles north of Burnsville, on the south side of :Mine l<'ork, two 
openings"' on the land of D. 1\,1. Hampton expose the same bed of ore 
6 to 10 feet across, with a neariy vertical dip. The magnetite is in "a 

mN iL«:, H. ll. C., Op. cit .. p. lSG . 
~~sIUmn., p . 187. 
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