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:ZI C A D LEAD DEPOSITS OF 
ARK I S 

By EowiN T. McKxroH'f 

AB TRACT 

ORTHERN 

l nf l·odlte l-ion.- Zinc and lead ore occur in the north r n ounti of Arkansas, 
'from tho Arkan. as-Oklahoma line on the we t to the Coastal Plain , in Law­
·r enc::e 'ouutr, on t he ast, but a re concentrated chi fly in Marion, Boone, 

ewlou, earcy, harp, and Lawrence Countie ·. Lead ore wa reported in tho 
1·egion a. a rl y as 1 1 . and sma ll red uct ion pla nt w re built in the vicini ty 
of Len<l Bill in 1851 or 1 52. Tile Conf derate force. obta ined lead from 
•uortb rn Arl;:nn ns durin"' the Civil Wa r. Zinc mining b gao at a omewh a t 
later clat and renched its peak het,,·e n 1914 and J917 . bu t ince that time 
mining ha been at a low ebb. The lat r hi tory. of lead mining in the region 
bas closely pa ralleled that of zinc. The production f rom the region ince 1907, 
a cording to statistic·· compiled by the United tates G ological urvey. ha 
hcen , in round number., 1,900 t us of I ad ·ulphicl concentra tes, 11,500 tons or 
zi11 ul phid on ntrat s, and 51,300 ton of zinc ca rbonate and silicate 
cone n t ra tes. 

Gcor1 raphy.-Th d po. it are no1· th of th e Bo. too l\louutain . They crop 
·out c- hiefly along' the Eur ka pr ing escarpment, IYhi h pa rate · the alem 
Pla t au belo\V from th Springtl ld Platea u nbove. win "' to the dis ect cl 
natur of th priugf1 1<1 Plat au, th e carpm nt i ' r .v ;; inuou . A con ider­
abl number of d po it arc a I ·o fo und within the ar a included in th Salem 
Platea u. Vigorou · di s ection a long tb e " -hit t ri buta ri in 
n or thern Arkan a , e p cia lly in th mor ri ch!~' Ulinera li zed dLtrict , ha 
de. troy cl th e plnin like chn ract r tlult i · typica l of both the pringflelcl and 
, nl m Pla t a us in parts of the l\l is ouri Zt1rk . Th pringfi ld Plateau i 
narrow nlou"" tbc nor th ba e f th Bo ton Moun tain and in pta e i not 
do,·el p cl at ni l. 'l'h 1\'hite RiY r and it tributarie a rc eutrencbed to depth 
of 300 to 400 f et below the al cm Plateau : ncl 500 to 600 feet below lhe 
'tH' ingfl eld Platea u. Mu h of the entr ncb d dra inn s how. pronounced 

m and r tbat ar cbaracterizecl by asymmetric profi le on the bend . 
i1·ati{fralJhY.-Tbe rocks of northern Arkan a a re all sedimentary and 

~·ange i.n age f rom Lower Ordovician to Pen n ylva nian. The DeYonian i not 
r pr ntecl in the mor e richly mineralized distri cts , and th e Silur ian fo rmations 
a re thin and liscontinu u . Tbe Orclo,· ician :tnd nrbonif rou y. tem , 110w­
-ever, at·c w II repre utcd. 'l'hc strat io-ra phic col umn in the Yellville quad­
)·Hnglo iuclud n maxi mum of 2,4.00 f et of rock , cl ividecl into 19 formations. 
Th re are 12 w 11 -e. tabli heel unconformities within the stratigraphic section 
nod 2 additional one that are que. tionable. The occurrence of so many 
uncon fo rmities has produced numerous discontinuities in the disu·ibution of 

1 



2 Zl ~ C AND LEAD DEPOSITS OF ORTHER ARKANSAS 

the fo rmation·. In g neral, the trat ig1·aphic break: r cor led in th llTl on­
formit ie increase in amount from u th to north, indi ·a ting that th axi: of th e 
uplifts was north of the lead-zinc regio n. 'l'he uplifL" pr obably b gun ome 
t ime in the la te ambri an and w r r CU lT nt through ut th rest of the 
Paleozoic and into po t-Pa lcoz ic time. 

The richer ore depo it· occur either in the E1·erton fo r mation, f the Lower 
Ordovician, or in th Boone fo rmation, of th [i · i.' ·ir pian. Tile Ev r ton i 
400 feet in maximum thiclme. · nncl is OllliJO!' d of liml'Stone, dolomit , and 
sandston . The Boone formati n i · about 350 fe t thi ·k and i mad up of 
lime tone and chert. Other miner a li z d t rata ar th otter dolomite and a 
erta in bed , about 10 f t thick, lying in th Powell dolomite 00 f t nboYe it 

ba e. In harp and La wr nee oun ti the ore oc urs in the Smithville for ma­
tion, which occu].}ie , toaether with the B lack R ·k formation, approximately 
the same 1 o ition in th g olo"" iC ·olumn as the Everton farther ''" :t but wh ich 
is believed by !rich t be older than the Everton. 

Stnwt1tre.- The rocks of the lead-zinc region app ar to be horizontnl, bu t 
when tudied 01·er wide area they how a low r gi on:.~ l dTp to the outh, 
more marked in the Ordovi ·ian bed than in the arboniferou bed . Locally 
faulting and ""eutle fo lding ha 1· oc nrred. 'l' lle fault. arc normal and fait 
into two y tem-, one n rtll a terly and the oth r ea ·t-:outhca terly. ) [any 
of the fault. arc grouped to fo rm gral en blocks. They ar p t-l' nos.v lntnian, 
ex:cept oue that i pot-Ordovician nncl pte-:\Ii i · ·ippian. ertain of tbe 
fold (low dome , sha ll w ba in , and mono ·l in ) ha 1 theit· inception in the 
Ordovician period and bave . been accentuated at lea t three time ·. 

Ore d po its.-A few of th ore depo it o cur on fault where t!J 
lime ·tone fo r ms on or both wall , but m t of th m are run and 
veins. These are limit d to certain b d··; the minera lization fOIIQII" d zone 
Of Shattetiug, produ eel by YCry li rht t ructural deformatiOn O( the ro k ·. 
Tbe run are ·imply the more richly minera liz d r ortion of blank t Y in , 
formed alon" the main channel of circul nting or solutions. The vicinity 
of fault wa e peclally fa ,·orable for tb de1· Iopruent of run . In the 
E>ertou for mation ore is limited to clolomit b d or else to lime tone· that 
were silicified ea rl y in the period of mineralization. I o the Boone, on the 
other band, the ore may occu r in unaltered lime toue. The ore has i n part 
filled preexi ting open pace and in part replaced the battered rock. Which 
one of the e mocles of occurrence pre,·ai l in a given dcpo it depends upon the 
character of the coun t ry rock ancl e ·p ciall y upon it texture. 

The primary ore minerals a re sphalerite and galena. The ·phalerit i 
widely di tributed over the region; the l!alena i re tricted to e rtain dis­
tricts, being c n p icuou ·Iy ab ·ent from tho e eli t rict in outhern !Uari n 
County and . earcy ounty that ha1·e produced most of th e zinc_ The 
sphaleri te i comparatil"ely pure, containing only ·mall amount of iron and 
caclmium. '!'he galena i s very low in sill·er. mall amounts of chalcopyrite 
and pyrite a r widely distributed, and a few mall crystals of ena r«it have 
been identified a t one mine. The gangu min ra l are ja pe-roid chert (which 
has replacecl the country rock ), pink ·par dolomite, qua r tz, a nd ca lcite. The 
primary minerals bow a paragenetic orcler of cry ~·talliza ti n. A ide fTom. 
va riation· in lead content, tlte mineralizing so lution· appear to hal"e been 
very s imilar tbrougbont til region, and tb e differ n es tha t appear in the 
ore deposits r e ult chi efly f rom cl iff renee · in th e character and texture of 
the coun t ry rock. Tbe ore ·olutions are believed to have been, in pa rt at 
lt>ast, of magmatic or igin. 



I TRODUCTION 3 

The leacl ore marlm.tecl f rom nor th rn Arkan a ha been ch iefly ulpbicle, 
tbut most of tile zinc ore bas be n oxidized. The zinc carbonate ( mitb onite) 
i notable for the Yariety of form in which it occur . The zinc ilicate 
(calamine) is especially characteristic of the eli trict around Zinc. Oxidation 
of the zinc bas occurred e. sentially iu place, without enrichment. Incomplete 

.oxidation, re. ·ulting in mixture. of ulpbide and carbonate or ilicate, presents 
comm rcial cliflicultie of epa ration that a r not urmouuted in the methods 
of milling that have be n used in lbe region. A ide from thi tenuen y for 
. owe ·upllide to occur with it, the oxidi;r.e 1 ore uncommonly free from 
.ol .i ctionabl impuriti . 

INTRODU TION 

EXTENT OF THE FIELD 

L ead and zinc ores are found in northern Arkan as from Lawrence 
:CoLmty on th ea t to Benton and \Ya hington Countie on the we t, 
.but the roo t valuabl der o. its are in Marion, Boone, Newton Searcy: 
., harp, and Law.r nee Countie . 

HISTORY AND DEVELOPMENT 

Lead ore was found in the region at an early date. I n 181 
hoolcraft/ an explor r and etbnologi t, during an expedition from 

th lead-mining recrion of south a tern Mi ouri to the headwater 
of the V\ hite River in rkan a , and back by way of what i now 
J3atc vill , record d h ccurr nee of lead at Bull Shoal and on 
Trimbl '· plant.ation on the \Vbite River, in Marion ounty, and on 

trawberry Riv r in Lawr n ounty. This trip wa made 
all y wa uninhabited by white people in 

jt h adwater rerrion, ab ve Taney ounty, 1o. and only paringly 
inha.l.Ji d below th re. ] eath r tonhaurrh,2 in a volume ba ed on an 
.exp clition made in 1 3-± m ntion the reported occurrenc of lead 
on th trawb rry RiY r. 

Ina much as 1 ad :in the form of ammunition , played an indis­
pen able par-t in th onomy of pioneer lif , it naturally received 
att nti n much earlier than the zinc. Year before the Civil War 
many of th oc urrence of float l ad had b n traced to their ourc , 
"'her sma ll- ale ITOUg'ino- op ration were und rtak n , producing a 
y.i ld that wa neglio-ibl in compari on t the production from o her 
})ar of the country and yet ample enouo-h to satisfy the domestic 
ne ds f th oper ator . M r ambi ious operations were undertaken 
jn a few plac s. runner 8 reports three small lead smelters in the 
vicinity of L ead Hill, Bo ne ounty before th Civil \ i\Tar, the 
earli tone havincr be n built in 1 51 or 1 52. Durincr the Civil War 

' Schoolcrnfi:, 1:1. R., A ,·Jew of the lend mlnes of Missouri, pp. GO, 61, New York, 1819. 
• Feath rstonhnugh, G .. W., Excursion through tb s lave States, p. 8 , New York. 1 44. 
• Bram1er, J . C., Zluc 1111d lead region of north Arkansas: Arkan as Geol. Survey Ann. 

Rcpt. for 1.892, vol. 5, p. 66, 1900. 
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ome of th depo 'ts v,-er work d more y ·tcmatically a a . ource 
of lea 1 for th onfed rate for Tv,'o of th " ' re th Bald Hill 
and Old onfederate min , both on a tributar) of Cave r k, in 
N wton ounty. ince th i vil ' ' ar l ad d po it ha v 
workc 1 intermittent!) and with varyin(Y ucc until th pr sent 
day although ncvrr on a " ry larg . calc a · ompar d to oth r lead 
reO"ion. of the nitcd tat ~ . The later hi ory of lead mining in 
the tate ha clo ely paralleled that of zinc. 

AlthouO"h zinc i of mu h comm n r o cun n e than I a 1 in north­
ern Arkansas it wa neO'lcctcd until a om The 
earlie t attempts to work zinc d po i wer mad at Calamine, in 
Sharp County, in 1 57 and a <rain in 1 71 . m ltcr w rc r cted 
at botl:1 of thee :tate , but OI eration wer bort-lived. Active zinc 
mining began in the ountie farther w t in 1 99 and r ach d its 
peak in the early year of the Worl1 \iVar, from 1914 to 1917. In 
1916 and again in 1917 northern Arkan as produ eel zin ore that 
would have yielded almo t 7 000 ton of metallic zinc had th ore 
been all redu eel to the metallic tate in. tead of being converted in 
Large part to other form uch a the oxide. 

Since 191 the mining indu try in the lead and zinc fiell ha, b en 
at a low ebb. fany of th mills, including the machinery, w re torn 
down and remov d when the lump came in 191 but p rhaps more 
were left standing. At first ome attempt wa made to keep the 
properties in good condition in the hope that the hutdown would 
be only temporary, but a time wore on it b came evident that the 
shutdown was to be of indefinite duration. Today, with the exc p­
tion of the Morning Star mill at R u h, the Excel ior mill at t. Joe 
the Bald Hill mill on Cave Creek, the Butler mill at Lynn , and p r­
haps one or two other , all the mills are in varyin(')' d gree of dilap­
idation. 1:achinery that ha co t many hundreds of dollars i rap­
idly deteriorating to the point where it can never be salvaged. 
Many of the hafts and tunnel have caved, so that they have been 
inacces$ible to exa mination during the pa t few years. 

TRANSPORTATION F AGILITIES 

Three railroad · cut across different parts of the northern Arkan­
sas field. The White River branch of th Mis ·ouri Pacific Rail ­
road follow · up the 'White River to Cotter, whence it swing west 
through Yellville, Zinc, and Ber<Yman, r eaching and cro ing the 
White River again at Branson, 1o. Thi line goes directly through 
the mining eli trict centeri1w around Zinc and pa ses within a few 
miles of the Rush Creek, Dodd ity, and Jimmie Creek district . 
The Missouri & North Arkansas Railway follows a cour e roughly 



INTRODUCTION 5 

parallel to the Mi ·ouri P acifi c but 10 to 15 miles on an anrage to 
the outhwest of it. I t run throuo·h 1ar hall, t . Joe, and Harri­
son. Thi i the line ov r which mo t of the ore minccl in ear ·y 
and ewton Countie has b en shir pel. ome of the mine in he 
Ponca di tl·ict, )I ewton ounty are 30 nule · or more from the hip­
pin()' point but n o t of the workino- are within 10 to 15 mile:. The 

t. Loui - an Franci co H.ailway, running betwe n pringfield, fo .,.. 
and 1emphi ·, T enn ., ros e the nor theast corner of Arkansa a. 
few mil s nor-thea t of the mineralized area in harp and Lawrence 
Counties. Mo t of the mine. that have been worked lie between 10 
and 20 mil . from thi rail roa ~' although the a tual haulage over 
the existing roads may be omewhat <n·eater. 

Outsi le of harp and Lawrence ountie the lead and zinc de­
posit of nor thern Arkan a ar o-enerally in rough, hi lly country. 
In area of thi type the con truction and maintenance of roads be­
com problems not onlv because of the teepnes of grades, but also 
because of the uni\'er al wa h and cour to which the road are 
ubj ected du ring the heavy pring raii-1 . The av rage road is there­

for likely to be v ry poor. I n the past mo t of the ore freighting 
was done by wagon and team. Beginning in 1927, hov.-ever , a pro­
gram of road building in northern Arkan as has left the district 
with at least a sk letal network of good tate highway . To 
thi nucl u i beino- added a tem of impro \·ed count roads, 

pecially in Marion ounty o that on of th long- tanding bar ­
ri r to the d Y lopment of the country i rapidly beino- removed. 
Wh re practi n.bi the highway especirrlly the tat~ hio-hwa y fol­
low draimwe diYide . ''hich run fairly 1 Yel for mile , and they 
de c n l only wh r n ce ar to cro the lrainage line . fost 
of th mine an 1 pro pect are in st ep- ided hollow a,.;·ay from 
th high way , o that the initial problem of gettin o- the ore on o a 
main hio-]w,ay till exi t . B yond thi , however the freio-hti ng 
probl m. f th futur hould be omewhat implified. It ha al­
rea ly been c1 mon trated that, o-iven a good road, tran portation 
by trucks i more f nsible than by wagon and t am. 

PRODUCTION 

Only incompl te fio-ures of the production of northern rkansas 
were kept b for 1907. Accor ding to information collected by G. I. 

dam • for th y nr prior to 1903 and record kept by vV. R. 
\\ il! 0t 5 for th0 y nr· 1903 to 190G, th r r·otluction prior to 1907 was 
as fo llow · : 

'A.clnm~. G. I. , noel oth rs. Z inc nod lead cleP<> it of northern .Ar knosns: U.S. Geol. 
'urvcy Prof. P ape r 24, p. Hi, 1904. 

• llfnnuracturers' H ccord, Jno. 6, 1916, p . G4. 
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Zinc and lead produced in northern Arkansas prior to 1907, in short tons 

Zinc con- Zinc con-
centrates cen trates 

Lead (chiefl y l .ead (ch iefly 

Year COOC60· ca rbon- Yoar CO DCC ll- ca rbon-
trates ate and trn tes ate nnd 

(galena) sil icate. (gnlena) silicate, 
som some 

sulph ide) sulphide) 

Prior to 190L - - ------ ------ -- - 500 1,500 1905.----------------- -- --- -- - ------- --- 2, 205 
190L-- ----- - ---------- ----- -- - ------- - --
1902. - ------- - --- -- -- ------- -- - ----------

500 
1,090 
I. 5 
2, 095 

1906-- -- ------------- ------- -- ---------- 2, 254 

1903 __________ ____ ___ __ ___ _____ - - -------- 500 10,939 
1904 ___ ____ _______ _______ ______ --- -------

The ellinO' price of O'alena concent rate· i ba ed on a metal con­
tent of 0 I ercent of lead , th at of . phaleritc c ncent rate on a metal 
content of 60 I rcent of zinc, an d t hat of zinc ilicate and carbonate 
concentrat on a metal content of 40 p r ent of zinc. In the 
ab ence of more d finite inf rmation on metal ontent the e fiaure 
may be a umed a th av rage of th e r spective 
product . 

The foll owing table gives the production from 
~orclinO' to the figure compiled by th nitecl 
Survey 6 and the nited tate Bureau of Mine .6 

1907 to 1030, ac­
tate Geological 

d in. A'l'ka?!.-~0 8, 1901 0 a 

Year 

1907 _______________ _ 
19()8 _____ _____ ___ __ _ 
1909 _______________ _ 

1910----- --- --- -----1911 _______________ _ 
1912 __ _____________ _ 
1913 _____ ____ ___ ___ _ 
1914 . _____ --- . ---- - -1915. ______ _____ ___ _ 
1916 ___ ____________ , 

1917----- - ----------
191 ----------------1919 _______________ _ 
1920 __ ______ _______ _ 
192L _____ __ , ______ _ 

1922-------- -- - - ----
1923 - - ------- - - ---- -1924 ___ __ __ ________ _ 

1925 ------ ----------) 926 ____ _____ ____ __ _ 
1927 __ __ _______ __ __ _ 
1928 ______ _________ _ 
1929 _________ ______ _ 
1930 __ __ ___ ________ _ 

Lead concen­
trates (galena) 

Ores 

Zinc concentrates 

Sphaler ite 

2,380 
316 

Silicate and 
car bonate 

63 
939 

0 
1 
1 
402 
680 

1, 143 
7, 925 

16, 609 
17, O.'i3 
2, 156 

510 
91 7 

42 
425 
444 
13 
44 

246 
386 
224 
25 

• This is almost entirely from the northern Ark ansas field. 

Metal content • 

Lead Zinc 

Short 
tons Va lue 

• Jn ca lculating the meta l content of the ores from assays, allowance hns boon made for smelting !os.•es 
of both lead and zinc. In compar ing the ,·a lues of ore and meta l it should be bo rne in mind that the value 
given for the ore is that actuall y received by t he producer, whereas the value or the lend and zinc is calculated 
I rom the average price lor a ll grades. 

• Minera l Resources of the United States, 1907-30 (1907-9 by C. E. Sieben thai; 
1910-30 by J . P . Dunlop), 
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In the production of zinc and lead ulphide the northern A rkan a 
field ha held a very in igni£cant I lace a ompared to other mining 
districts. 'As a producer of oxidized zinc ores, however it was 
during 1916 and 1917 one of the leader in the entral tate . s 
the table show , about two-third of the total production of zinc 
ilicate and carbonate in north rn Arkan a ''"as shipped in the e 2. 

year . The production since 191 ha been very low. 

PREVIOUS LITERATURE 

Earlier report dealino- with the zin c and lead deposit of the re­
rrion were i sued ome 30 year a ero. Branner ' · report, already citedl 
i th mo t tl orough treatment from an economic tandpoint that 
the r egion ha received. The mineral , ore depo it · and geologic 
st ru ture are de cribed , and detailed ~ cription are given of most 
of the known mines and pro p c . Bain ,? in 1901, devote i 7 1 aaes 
to a o-eneral di cu ion of the Arkansa ore cler o it , ba. e i on a 
reconnaissance examination in Sharp and Lawrence ountie , a well 
a · in the counti e farther we t . I n 1902 H edburo- gave a hort 
account of the ore d po it an d de cribed a f ew of the mines of the 
el i trict.8 Adams' report 9 in 1904 cover d mu h the ame ubjects 
a the Br anner r port, though the mines were not treated o thor­
ourrhly, and Sha rp and Lawrence ountie wer not touch cl. Thi 
r port ontain a fai rly cl tailed map of th a logy of the Yellville 
quatl ranvl , and a eli. u ion by E. lri('h of the tratio-rapby of 
th lead and zinc r rrion. \clam ·' report wa th la. t dealing with 
the lead and zin c1 po i that wa ba e i on orirri11al work. The 
mo t important tratirr raphic rep rt on th l ad and zinc eli trict 
\Ya that by Purdue and Mi r 10 publi h cl in 1916. 

PRESENT INVESTIGATION 

fter th e publi cation of Adam report, E. 0. lrich and E . F . 
Bur hard of the l nitecl tate :re logi al urv y. both of ''hom 
had collaborate l with Adam p nt ome time in the Yelh·ille 
quaclruno-1 , whi h li in th heart of the min nd ize 1 region with 
a vi w toward revi ion f the t rntio-raphy and th o-eolog i map a 
pr ent d in th zin and l<:> acl report. In the cour e of. thi · late r 
fi ld w rk ev ra 1 formntion w r re ogniz ] in the ou thern part 
of the quadranrrle tha.t had b en ,·crlook din the arlier, more ha ty 

7 J3aln, U. F., :Prelimina ry r epo r t on tbe lrnd nnd zinc d posit of tbe Ozat·k regi on : 
.. Ceo!. ut·vry 2~d Ann. Rept .. pt. 2. pp. 195-202, 1901. 

8 Hcclbu rg, Eric, 'l'lle J issourl and Arkansas zinc mine at tbe clo e of 1900 : Am. 
lost. :IIin . En!(. Tt·a ns., vol. 31, pp. 379-404, 1902. 

• Adam s, G. I., Zinc and lend deposi t of nor thern Arkan. as: . . eo!. un·ey Prof. 
P np r 24 . 1904. 

•o Purclur. A. H .. nod fl ser . H . D ., . S . ol. urvcy Geol. Atla s, Eur kn pr ing . 
Hnrrl sou folio (no. 202), 1910. 
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reconnais anc . In the fall of 191G Burchar l p nt a month xamin­
ing min and pro p c in Marion Boon , an ca r y ou ntic in 
anticipati n of war-time demand for information on zinc ore sup­
plies. 1any of there ul of these cliff rent inv . ticration. including 
apr liminary manu cript an l a partly revi d map o:f th Y llville 
quadranale, have been at the eli po nl of the wri t0 r in the pr paration 
of the pre nt report. 

In ptember 1927 in re ·pon e to numerou inquiri.e for later 
information on the ore c1 po it than i criven in the Brann r and 
Adams report , field work " ·a b CYun by the pr ent writer under a 
cooperative arrangement b tw en th e nit d tat Geolorrical ur­
vey and the Arkansas G oloCYica l un· y for th pmpo. e of pre­
parino· a complete geolorri r ep rt on tb zm and 1 ad ] f sits 
of the northern Arkan a r eo· ion. 'Vorlc in th fi lcl ontinued, 
with interruptions, until Decembce 1930. In thi tim e th -tratig­
raphy and tructure of the Y ellvill quadranCYIC wa comr l t ly r -
mapp c1 in a much a the ba . map would permit; a detailed 
topographic and geoloo·i map wn made of about ·quar mil <' i.n 
the Ru h di trict; tbe trati raphy and correlation of certain Ordo­
vician formation were Ludi.ed b bY n Yelhill and ay i ty in 
Sha.rp ounty; and an exam.inati n wa ma 1 of practically all 
the i.mp01tant lead and zinc prospect in th north rn Arkan . a. fi 11. 
The pre ent report embodies th re ult of the. e inve tiCYation . 

Durinrr the preparation of the Ru.·h sp ci.al map abl a. ·i tanc 
wa rendeT d by Cecil D. Robin on and Bryan Park. a roclm n an l 
by Jack Layton as recorder. The writer 'va vi ·itel in the fall of 
1927 by E. F. Burchard, who pent ome 2 week in the field goinCY 
over a number of the pro 'pect . H. D. 1i. er SI nt 10 day in th fall 
of 192 , 4 clay in the fall of 1929, and 2 day. in the fall of 1930 
goi.no- over certain traticrraphic problem that ame up durinCY the 
cour e of the work 

ACKNOWLE DGM ENTS 

The writer i indebt l e pecially to Mr. Hugh D. Miser, of the 
United ta.tes Geological urvey, for hi help in untangling :ome of 
the traticrraphic problem in the Yellville quadranCYle and for un­
publi hed· information on the clepo it of harp and L awr n e 
Counties; to Mr. E. F. Burchard, also of the Geological urv y, for 
aid and sugge tions in starting the mine exarrninations and for an un­
published manuscript on the Yellville quadrangle; to Me r . E. 0. 
Ulrich and R. D. Me ler , of the Geological uney for numerous 
determination of fossils; to Mr. George M. Fowler, of Joplin , for 
cooperation in various ways and especially for suggestions on the 
interpretation of the -tructural r elation of th ore ; to 1r. J. B . 
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Brown, of Little Rock, for the use of everal private reports on 
mining properties in northern Arkan as; to l\1r. James K . L yon 
uper.intendent of the forning tar fining Co., of Rush, for data 

on the production of the i£orning tar holdings and for numerous 
other courtesies; to Mr. W . A . Myles, of the Big Hurricane mine, 
for information on the production of the J. C. hepherd mining 
properti during the period of high production; to Mr. J . H. Hand, 
of Yell ville, for production tati tics during 1917 · to n pt. harles 
LeVa eur , of Yellville, for a nurnber of mine map ; and to 1r. 
Geor·<Ye . Branner tate g ologist of Arkan a , for hi cooperation 
in variou ways and for his inter t and encourag ment in maki11g 
the project a ucce . 

T o name veryone who ha contribut d to the present r eport by 
furni hino- information or by volunteering his er,·ice as a cruide 
would be a hopcle. ta k. ertain men, however ha ,.e contributed 
con iderably more than others in the. re pe t , and a they have 
b n takeJ:, in a way a authoritie on the pa t mining acti,ities in 
their re pective eli 'trict wh en fir t-hancl information can no longer 
be obtained. it i fittin()' that uch service hould be a knowled()'ed. 
Mr. R. M. Willett contributed a \Yeek as guide through Sharp and 
L awren ounties, and ow:ing to hi wide a,cquaintance in the eli trict 
wa . ab~ to collect a mm: of information thnt micrbt othcr>Vi e neYer 
haY Ge n a em bled. 'rhe following men ha ,·e furni heel informn­
tion and en ed as O'Uide in th ir re. pe tiYe di tri t : Me r . W. 
l\1(' urry and Lon Brown of Zinc · Dal Ow n , John Benton, and 
Dr w "i\l11rkle. of Dodd ity · Ben Fee, f Kin()'don pring ·; ll\:e 
Kil gor and Ed l\1inicu , of Ponca; R. F. Truitt, of t . Joe ( ave 

re k di tri t, Kewton ounty); ' ' . P. ampbell of t. Jo ; am 
DaYi of . Joe (Tomahawk Creek eli tri t) · eor()'e McClain of 
£aume · J . Frank R ea of Rea Valley (Hall Mountain eli trict); 

A. L Goat! y, of Ru h (D dd ity di tri t). 

GEOGR PRY 

SURFA CE FEATURE S 

The north rn ~~rkansn. zinc andl ad r <Yion lie "·ell down on the 
south flank of the Ozark uplift '"hi hi a broad, lo'' t ru tural dome 
lying ch iefly in outhern Iissouri and north ern \..rkan n but ex­
tending lightly into th outhea t corn r of Kan a and th northea t 
corner of klah oma . The ]om i. rudely OYnl in outline, the longer 
axis xten ling from outlnve t to northen t. The length of the longer 
axis i al out 300 mil , nn l of the. I rter a xi about 200 mil . The 
npJift i roughly bounded on the north by t he Mi ouri River on the 
a t b. th Mi i ippi RiYer, on th outhca t by the lower cour e of 
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the Black River, on the south by the Admn a River: 
and on the we t by the Neo ho and pring River ·. 

fost of the Arkan as portion of the za:rk lie @n the 
·outh and outheast lope of the dome. 

Be ide being a structural hiCYh the· Ozark: 1' gion 
I S al o a toporrraphic upland . Two major- phy io­
graphic divi ion have been r coaniz-ed in the high­
land-namely, the Ozark Plateau, wh1ch embraces 
mo t of the Ozark reaion, and the Bo ton Mountains,. 
which lie in Arkan a along the outh . ide of th Ozark 
uplift. The Ozark Plateau ha in tum been sub livided 
into the t. Fran i fountain , the al m Plateau, 
and the prinafiell Plateau (pl. 1 and fig. 1) .11 

t. Francis Mountain .-Th t. Franci fountains 
occupy a mall area in outh a tern 1i oun at the· 
a · end of the ere t of th Ozark ructural dome .. 

They are made up of crranitic hill which r originally· 
carved in pre- ambrian time, have be n buried b neath 
Cambrian and later edim nts and have only recently . 
in a geologic ·en e, begun to be re :xcavated. The e 
hill reach a maximum altitude of about 1 00 feet. 

alem Plateau.-On the central part of the Ozark. 
dome in 1i ouri the dominatin{)' topographic feature 
i a rolling plain of g ntle r lie£, known a the al m 
Plateau, from the town of alem. It average· around 
1,300 feet m altitud but riSes to 1,500 feet a it 
approache the t. Franci Mountain . The plain i 
developed on Cambrian and Ordovician rocks, chiefly 
dolomite and and tone . outhward towar 1 the 
Bo ton £ountain in - rkansa , the plain lo e alti­
tude and become more deeply_ and intricately di · 
ected by drainage lines, althouo-h the interstream 

area still ten l to be flat or O'ently rolling. 
That portion of th alem Plateau lying in Arkan-

as i · bounded on the outhwe t roughly by th cou rse 
of the ·white River; along certain large tributaries,. 
however, uch a the Kings River in arroll County, 
it may bow considerable extent outh of the White 
RiYer. On the outheast the Black River eparate . 
the alem Plateau from the Gulf Coa tal Plain. Th e-

u Tb phy · io~nt[l hi c t erminology here used Is tbnt or Purdue nn!l 
~li ser in the Eur ka Springs- linniso n folio, which in turn 1s modlflc(l 
from t he terminology presented by . F. ~In rbut (Phyalcnl features 
ot Mjssouri: Missouri Geo l. 'urvcy, vol. 10, pp. 13-100, 1806,) . i\lu b. 
of tloe informa t ion on the ~li so ttri Oznrks here summn rlzcd. is taken. 
from ~larbut . 
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altitude of the plateau in northern Marion, northern Baxter, and 
we tern Fulton ountie , where topoaraphic map have been made 
is between 00 and 1,000 feet, the higher country tending to lie to­
ward the north. Abov the aenerallevel rise a few re idual hills and 
knobs, ome of th m abruptly, to heights a great as 250 feet. Wal­
lac K nob, near Mountain Home, i a typical example. Below the 
plateau the drainao·e has entrenched it elf to a depth of as much a 
400 feet along the main river . 

pringfield Plateatt.-The pr ingfield Plateau lie hiefly on the 
we tern and outhwe tern lope of the Ozark dome and ri e to a 
maximum altitude of about 1,700 f et in \\ eb ter and we tern 
1\ right ountie :Mo. It i developed on re i tant cherty limestone 
of the 1i i sip1 ian erie. and is parat d fro m the alem Plateau 
throughout mo t of it· xtent by the Burlington e ca rpment, known 
al o in Arkan. a a th Eu r lm pring carpm nt. Thi carp­
ment face the al m Plateau and averages b tween 200 and 300 f et 
in heiaht in 1i ouri ; in rkan. a it height i som what a reater 
ran n-ing from 300 to 400 feet in Carroll and Boone ountic and 
reachina 700 feet in I arion oun ) . 

The pringfield Plateau i not very prominent in north rn 
Arkan a a compared to it a reat xtent in Mi ouri. In then rth­
w t corner of th tate, howev r , it i develop d ov r a few hundred 
quare mile·, chiefl in B nton and northern Vi a hington ountie . 

Farther ea tit i pr ent to m extent a a more or le eli ecte i 
belt of variable, in pla narrow width bctw·een the Bo. ton Moun­
tain and the alem Plateau. It . UJ port everywhere a thrivino­
Rgricultural population. 

Th plateau ov r much of i xt nt in \Va hington and B enton 
ounti i r emarkably level, with a ummit altitude bet"·· n 1,250 

nnd 1350 f et. In Macli on, arroll, and Boon ountie where the 
plat nu i le . xtensive anJ more di · ted . the altitu le ranae 
between 1 250 and 1,700 f ct. the maximum beina on P n ion !foun­
tain outhea t of Eureka pring . B low the level of the upland the 
drainage i entr n h d to a depth in plac of 500 feet. The Eureka 

prina carpm nt cparatillg th pring.field Plateau from the 
al m Plateau, exhibit a v ry intricat pattern in the e counties, 

advancino- far out n the p m and retr atina around the head of 
th hollow . 

In the Yellvill quaclrnncrle \vhich includ prnctically all of 
Marion ounty, an ea tern trip of Boone County a northern trip 
of Searcy County and th north a t corn r of ewton ounty and 
thu embrace a lara part of th mineral region, the Sprincrfield 
Plateau ha b en o thorouahly dis ected that over much of th 
reaion the only r mnant i a maz of lona narrow f airly level-topped 

G9371- 35-2 
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ridge that are capped by th Boone chert. These ridg how a verJ' 
irreo·ular pattern. They stand up above the Salem Plateau to a 
heigl1t of as much as 700 feet (Hall Mountain, east of Yellvill~ ), 
althouah their averaae heiaht is omewhat less. Many of the dis-

"' t:> t:> 
secting treams, e pecially the smaller tributaries, have not y t eroded 
to the level of the Salem Plateau. The highest altitude in the quad­
mngle, 1,450 feet , in ec. 8, T. 16 N., R. 18 W ., is on a remnant of the 
Springfield Plateau, and there are numerou other pla es throughout 
the quadranale where the altitude of uch remnants is greater than 
1,300 feet. Th hollows between the ridge are steep-sid d and have 
teep gradient , o that the resultant topography is extremely rugaed. 

Thi is the type of country in whi ch mo t of the mines and pro pects 
have been develope l at various levels b tween the summit plain and 
the ba al platform. 

South ast of th e Yellville quad rangle the pringfi ld Plat au has 
not been studie l except in a reconnai ance way, but it i known to 
be much narrower and to be confin cl to th southwest side of the 
vVhite River. 

Boston M owntains.- The highe t and mo t ru ag c1 feature of the 
Ozark region are encompa eel in the Bo ton Mountain . Th e 
tr nd ea t and west alona the outh side of the Ozark uplift and arc · 
very nearly confined to north ern Arkan a , although they extend a 
little wav into Oklahomn , n · fnr us tho N osho Ri,- r . They ore 
terminated on the ea -t, in the r egion of Bate vi lle by the oa tal 
Plain, but are very much lower here than they are f ar ther ''est. 
Letween Searcy County and the ~ tate line. few of th highe t 
points along the north sid of the range in thi · wc. ·tern reaion are a 
much a 2,400 feet in altitude, although the averaae summit level is 
around 2,200 feet . The average width of the ranae is about 35 miles. 
, outhwe t of Harri on a prona of the mountain project. northward 
f or 20 mile beyond the main front and includes ome of the highest 
parts of the range. The mountain are develop d on P enn. ylvanian 
.sediments, dominantly sandstones, that show a very light regional 
dip to the south. 

The Boston Mountains are th e r emnant of a thoroughly dissected 
plateau . The residual ridge and sput· · are flat-topped but are aener­
ally le s than 1 mile i n width. H ere and there, however, fl ats or 
nea r-flats of rudely equidimensional outline embracing several quare 
miles may be preserved, a ·, for example, the one on which Compton , 
·southwe ·t of Harrison, is situated. The creek valleys that head in 
the mountains are veritable canyon , ome of them beina incised as 
much as 1,400 feet below summit level · le ·s than a mile aw ay. In 
places the canyon slopes are interrupted by ·heer cliffs, d veloped 
-on certain resistant beds, that may be as much as 100 feet high. The 
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llOrth front of the ra11ge take the form of a teep e carpmcnt of the 
.ame creneral characLer as the can. on wall , except that it i · not 
quite as teep. A thi front is really form ed by the end of the 
intercany n ·pur it is "e;·~1 irrcaular iJ outline. On the south ide 
of the mountain ·, \\' here the outhward dip of the strata becomes 
increa ingly pronounced toward the Arkan as Valley, the g ncral 
altitude of the surface falls off crraclually with the dip of the b ds, 
and the rarwe lacks the ruo· ·ed a pe t that it ·how north of the 
divide. 

DRAINAGE 

The ma t r tream of northem ~\.rkansa 1 th \Yhite River. 
H ealing in the Bo. ton Mountain ·outh of Iunt Yill ' nfadison 
County, it flow n rth,va rd into M : ouri and after tra,·ersing part 
of three of th outhem conntie of that tate tum back outh­
ea t\'1ard aero~. northern Arkan a ·. The lara t tributary in the 
leal-zinc field i the Buffalo River, whi ·h flow eu twa rd and drains 
the north ide of the Bo ton Mountain in ewton and earcy Coun­
tie although the lower ·our. e of th river traver e part of Marion 
County. rooked reek al o flo·w ea tward to the ·w hite R ;ver but 
dt:ain a ba ·in in the 'pringfield Platea u north of the Buffalo Basin. 
Th e are the two larcre tributari of th Whit Ri,er that traver 
the mo t productive part of the lead and zin region. Others out-
ide of the mineralized di tr~ct arc \Var EacyJ reek the KinCY 

Ri,·er and the North Fork of the "hite. \Yar Eagle reek i 
really one of the larg r headwater pronas of the Whit RiYer. The 
Kin - RiYer head in th Bo ton Iountain in Uadi on County and, 
cr in cr arroll unty, enter. the " hite in 1i ouri. The North 
] l ork h ad in l\fi our i and flow ·ou hwarcl to the White River 
throucrh Baxter ount:, Ark. ubd of th clir ct 1\ hite River 
·drainao· the trawbe!TY River a tributary to the Black RiYer, 
How outh a twanl acr the al m Plateau traversing th ore­
bearing r crion of harp and Lawrence ' ounti 

In addition to the main . tr am . northern rkan a is cut by a 
host of smaller tributa r. r ek and branche many of ''"hi h are 
perennial over all or part of th ir cour An abundance of 
princrs throughout the reo·ion ace unt in large part for the water 

that flows dur.ino· the umm r , wh n precipitation may be scant . 
.;;:u h pri1ws have play cl an important part in the ettl ment and 
conomic developm nt of the region . Althouah no figures can be 

given on th flow of any of them man give ri e to stream of con-
iderable volume. · mio·ht be predicted from the large contribu-

tion by . pring , the tream water is clear, except for hort periods 
durino- flood times but i rather hard. 
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All the tream haY cut channels belo·w th upland urfa wh ich 
they traver e. The depth to "hi ·h th y have cut diff r on cliff rent 
tr·eams an 1 in diff rent parts of the am tream. The bed of the 

\ 'Vhite River and the North Fork lie on the a ' rarr from 300 to 400 
feet below the adjacent upland of the · alem Plat au. Th Buf­
falo River over much of it · cour e ha · ut from 400 to 600 fe t below 
the pringtield Plateau but in it upper part, wh re it li in the 
Bo ton Mountains, the depth of the rrorrre i a mu h a 1,400 feet. 
The valley of the trawben y Riv r, cut in the al m Plat au is 
lleither a de p nor a te p- ided a tho e belonrrinrr more di r tly 
\\'ithin the White RiY r drainage y tern. 

Enclo ed meandet 12 are ha racteri tic of the valley of th Ozark 
highlands and are found on pra ti ally all th str am· in northern 

rkan a . They are not a. well dev loped in th Bo ton Mountain 
a · on the pringfiell Platea u or the alem Plateau. but p rhap 
most of thi cliff renee is due to th fa ct that nly the h adwater. 
of the tream are c11t in the mountain · normally ea ndering oc ur · 
only in the nti ldle and lower cour ·e of a t ream . Th r:> profile of 
the average meander bend i · characteri tically a mmetric throurrhout 
the Ozark region, with a bluff on the ouLide of tl e bend and .an 
even, moderate slope from the river l v l to the upland ab ve on 
the in id . Thi s featur ha been cit d a evidence in upport of 
a theOI') of ori o· in forth zarl· meander., wher by they ar assumed 
to have been lev loped d urin <• clowncutting of he tr am · by a 
proce of lateral corra ion on the outside of bend · that exi ted 
originally, at a much higher level a minor irregulariti 
course· of the tream ."~ It houl1 be pointed out that inuo ity in 
the courses of the northern Arkan a stream wn well develop d 
when the drainage line · . tood at the level . of the upland plain in 
which they are entrenche 1, to judg from the way in which pur· 
of the upland plain overlap from opposite ide of the tream . 
Although lateral con·asion during lowncutting has undcubtedly 
been influential in development of the meandering, it operation 
does not preclude the po ibility that an earlier y tern of meander 
may have been developed on a basel veled urface according to the 
normal habit of stream at basel vel , and that the ·e meander were 

"' 'l'he term "enclosed" is applied to any meander that i · more or Jess na•·rowly 
enclo d by vall y walls; it carries no con notation as to origin. See Moore, H. C., Origin 
of enclosPd meanders on stream of the Colorado Plateau: J our. Geology, vol. 34, pp. 
44-46. 1926. 

13 Winslow, Arthur, 'l'he 0 ·nge Hil·er and It s meander : 'c!ence, new ser., vol. 22, 
pp. 31, il2. 1 93. Ma rbut, C. F., The physical features of Mi sour! : Missouri Geol. 

urvey, YOI. 10, pp. 9 109, 1 96. Tarr, W. A., Intrenched and inci ed meanders of 
some streams on the northern ·lope ot the Oza r!< Plateau in Missouri: Jour. Geology, 
vol. 32, pp. 5 3-600, 1924. 
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entrenched by uplift of the r eo-ion and greatly modified by lateral 
shifting of the treams on the bends during the downcutting to their 
pre ent po itions. 

Owing to the canyonlike character of the valleys, the heavy 
cyclonic storms; which are characteri tic of the spring and fall but 
which may occur at any ea on, produce extrem ly high flood . 
Rises of 30 to 40 f eet in the White River and Buffalo Fork are 
common . The highest r ecorded r i e on the vVbite was at Calico 
Rock, Izard County, on January 31, 1916, when the river reached 
a level 51 feet above the low stage. The Buffalo River at Gilbert, 
on Augu t 1 . 1915, rose to 4 feet abo,·e the low tage. uch floods 
are very destructive of crop I roperty, and liv tock. 

VEGETATION 

Except where they are under cultivation the hill and valleys of 
northern Arkansas are r ather heavily wooded. White oak, hort­
leaf pine, walnut, and cedar are ommercially important but are 
rapidly being remo...-ed. 1o t of the timber i deciduou in which 
oak and hickorie of variou sp cie predominate but i of too 
c:crubby a character to be of commercial value. Generally an in­
ferio r o-rade spring up after the rem oval of the ommercially 
valuable timber. 

cordino- to the old ttler thi mantle of timber ha grown 
larrr ly inc the Civil ·war. Befor that time the ridge- an l Yalleys 
~ upport d a luxuriant carp t of wild rr ra e with only a f w 
catter cl tree . uch name a Bald J e e" : Bald Dave', and 

" Bald Tom ' which are appli d to heaYily wooded knob and \Ybich 
eem singularly inappropria e today, are relic of the e early day 

when they r all · had a meanino-. The cau e rrenerally a cribed to 
the chan.o-e ince the i...-il \1 ar is th di placement of the Indian , 
un ler who o cu pa tion th hmd wa periodica lly fi red for the ex­
pre purpo e of upp re. ino- the timber in ord r hat game might 
be more ca ily obtained, becau le protected by cover. 

ROCK OUTCROPS 

Outcrop , thouo·h by no mean ontinuou , are neverthele s fairly 
cood alono- th Yalley lope , wing to th ir steepn . It i to the 
pr valence of rock expo ur at the ore-bearinrr horizon in the 
thorouo-hly di ected region of Marion , Bo ne, Newton, and Sear y 

ounties that th location and dev lopment of o large a number of 
mineral pro pects in these countie has been du . In Sharp and 
L awr nee ounties the topoo-raphy i mor ubdued and outcrops 
a re not o conspicuous. 



16 ZINC A D LEAD DEPOSIT OF ORTHERN ARKANSAS 

STR.A. TIGR.A.PHY 

GENERAL FEATURES 

The rock of north rn Arkan as ar all edim ntary and range 
in ao-e from Lower Orclovi ian to Penn ·ylvanian. The intervening 
Silurian and D vonian y tem and th 1\fi i ippian eri of the 
Carboniferou tern are repr ent l , thou o-h very nn quall). The 
sediment re or l an ever-chanving configuration between land and 
shallow interior as throughou mo t of thi time interval. ncon­
formitics ai·e numerou in the tratim:aphic ection and a count for 
mo t of the eli continuitie in th e pre nt li tribution of th e forma­
tion . v\ h n con idered rcgionall:~, the tratigraphic break · re­
corded in the different un onformitie increa e in amount from south 
to north , thouo-h locally they may in rea e in any Ere tion. The 
regional di.tribution and thi ckne of the diff r nt formation , com­
bine l with the reo-:ional tructure ·how that the Ozark re o-ion had 
been diffe rentially upli ft d alon g th genera I lo ation of it p re ·ent 
axis before the Ui i · ippian diment w re clepo ited. It i prob­
able that the differential uplift ha 1 beaun a early a the Lower 
Ordovician or pper ambrian and ~ra accentuated at eYeral later 
time before the ii i ippian. 

The tra,tio-raphy of different area in northern Arkan a ha be n 
tudied bynum rou worker ,1

·' 3!1(1 n attemp will b made in th 
present r eport to include all the information that ha been gather d 
a such a treatn nt would tran cend the purpo e of an economic 
report. In tead, the eli cu ion of the rock formation will be 
limited to th o e region in which the principal o ·currence of lead 

u P e r rose. R .. \ . F., .Ja nganese, its uses, ore , and deposits: Arl<nn ns Ceol. un· y 
Ann. Hcpt. fo r 1 90, vol. 1 , 1891. •.rr a t Batesvi lle district. 

imonds, F. W .. The geo logy of \\' 11 hin!,'ton Coun ty: Arknn a G ol. Survey Ann .. 
Rept. tor 1 , vol. 4. 1 91. 

Uopl:ins, T. ., )fa rbles and other limestone : Arl<nnsas Geol. urvey Ann . R cpt. 
for 1 sno. vol. 4 . 1 93. ' 

Bran n r . .r. .. The pho phate deposits of Arkan as: Am. los t. Min. Eng. •.rrans .• 
vol. 26, pp. ;:; 0-50 , 1 9 7. 

\Villiam s, II. ... The Pa lrozo ic faun as of northern Arkansa : Arko n as Gcol. .'u rYey 
Ann. Rcpt. for l 92, \'O I. :>. pp. 26 375, 1900. 

Brnnner . .T . C., ao <l l\cwsom, J. F .. The phosphate rocks of Arkan ns: Arknn sas .\ gr. 
E xpe r. 'tn. Bull. 74 . pp. 61- 12:l, 190~ . 

Ada ms, G. T. , nn<l Cll·ich. 1~ . 0 ., Ziu c and lcacl deposits of no rthern Arknnsns : U.S. 
Geo l. Survey Pro t J'aper· 24, 1904 . 

Adam: , G. I. , and Ulr ich, J!}. 0., . ' . Gcol. Sur vey G ol. Attn . Fny<'tteville foli o (no. 
119) , 1905 . 

Purdue, A. H., .. . Geo l. Survey C ol. A tins, Wi nslow folio (no. l::i~), l!l 7 . 
Ulri ch. E. 0 .. Re,dsion of the J'aleozoic systems : G ol. Soo'. America Bull .. vol. 22, 

pp. 2 l -6 0. 1911. 
Purdue, .\ . H., und :'.! i>c r . If. IJ .. l'. . Ceo!. urvey C<ol. A lln~ . Eurel:n prioogs-lla rri ·ou 

!olio (no . 202), 1916. 
i\!i ser·, U. D., Dcpo it: of mnngane:e -o re in the Batesvill e di s t ri ct, Arl;ansn · : U ... 

Geol. . urvey Bull. 734 , 1922. 
Gilc ·,A. W.. t. r t er nnd older Ordovicia n sandstone · ofi north rn Arkan sas: Arka nsn. 

Geol. Survey Bull. 4, 19<!0. 



Names and equivalents of f ormations in zinc and lead region of northern Arkansas 

Composite venrrnl section show-e Purdue, A. ll., and Miser, H. D., U.S. Oeol. Branner, J. C., Wflliams~ 8. , and others, ~ in!t the ~ts ndard equivalents of McKnight, E. T .. Yell ville quadrangle Ulrich, E. 0 ., U.S. Oeol. Survey Prof. Paper 2 . i"i formations In northern Arknn- urvey Ocol. Atlas, E ureka Springs-Harrison Arkansas Oeol. Surve,· ts published In (present report) . 24, 1904 . ., 
and adjoining part~ or folio (no. 202) , 1917. 1900 and previous years. " CQ s.q~ 

CQ Oklahoma. 

Winslow formation. Winslow formation. Mi llstone grit. Winslow formation. 

[ bales and sandstone.} hale. 
~ 
i5 

ci ci Kessler limestone member. Kessler limestone. Kessler limestone. "' I> "' "' Bloyd -;;:. Pottsville. 0 Absent. 0 

"' ... !;;, shale. § .. Morrow a: 0: Coal-bearing shale. formation. Coal-bearing shale. 
0 0 

~ p., 
t: 
0 0 

~ ;:g Brentwood limestone member. Pentremltsl liUJesto e. Brentwood li mestone. 

ci 
Hale formation. IJale formation. "' Washington shale nn.d sandstone. W ashlngton shale and sandstone. 0 

!;;, 
c 

Pitkin limestone. Pit kin limestone. 3 Archimedes limestone. Pitkin limestone. 
~ 
Ill 

.; Absent? 

"' Shaly sandstone.• Fayet te-~ Fayette- \Vedington sandstone member. Fayette- Wedlngton sandstone member. ville for- Wedington sandstone member. d ville shale. ville shale. 
I mation. 0 Chester. -e .. 

Marshall shHie.' 0 
I 

. I 
ci 
.s Batesville - Batesville -- BatesvUle sandstone. Batesville sandstone. 0. sandstone. sandstone. 0. Hindsville limestone member.• Hindsville limestone member. ~ 
~ 
~ St. Louts. Spring reek limestone. • 

Absent. Absent. Fayetteville shale.• Moorefield shale (including Spring Creek lime-
stone.) ' 

S!X'rgen. Wyman sandstone.• 

I herty beds. 
Warsaw. 

Boone noone Boone' Boone lime- chert and Carrollton limestone. lime-
formation. stone. limestone. stone.• 

OS!l!te (Keokuk, Burlington, and t. Joe limestone Fern Olen). Olen age). 
mem ber (Fe.rn St. Joe limestone member. t. Joe marble. St . Joe limestone member. 

- - - -- ------- - - ----c . 
ci ,. .; .. a 

Eureka shale (typical). 'oel shale. - "' .s o::S c -
oO. c 0 

0 c~ > "- Ghatta-~~ ~; ";: > 
A -~ Absent. 

., 
nooga ylomore sandstone.• A ~ g a~ ~ shale. Sylamore sandstone member.• :reo-

Sylamore formation." o'i: 
li~ ~ Devonian. A"' 0 ;:> ~ 0. Eu reka shale, in part ." 

I 0 - ------- ---- --
Devonian. Middle 

Hamilton. ot known. Clifty limestone. ot known. Not known. Devonian. 

Niagara . St. Clair limestone. 
Silurian . Absent. St. Clair li mestone. St. Clai r limestone. 

Albion. Brassfield limestone. 

ci 
Cason shale. Cason shale. Cason shale. Cason shale. 

!»~ Richmond. -
o.- Fern vale limestone. Fcrnvale limestone. o. > 
P-:5 

0 
Lorrnine. 

Absent. Polk Bayou limestone." Polk Bayou li mestone." 

ci 
T renton. 

"'"' :0:§ 
Kimmswick limestone. '0 1> 

~ -E Black Absent. 
0 River. 

Plattin li mestone. Lowville. 
b.ard)imostone. 

~,- lzarcl limestone. 

I 
Joncl1im dolomite. 

J' --- - ---- --St. Peter sandstone. Saccharoidal:sendstone. Key sandstone. g 
0 

Jasper limestone." Jasper limestone." > 
0 
'0 

0 Joach im li mestone." 
Chazy and possibly older beds 

not r presented in tbe New - - - - --
ci York section. 'ewton sandstone member . St. Peter sandstone." ., 
0 
> Everton 0 

'E forma-
0 lion." ----
~ Everton -

l\lagncsian limestones, samlstones, cherts, etc. !< lime- Kings River sandstone member. Yell vi lle lim tone. 
0 

1-1 st.ooe.u 

Snoods limestone lentil. 

Powell dolomite." Powell limestone." 

----
Beekmantown. Cotter dolomite. Cotter dolomite. 

Jefferson City dolomite." 

• Thisshnly•nndstoneof tho !Boston t roup;eems to be the same I1S the Wedmgton sandstone, wh ich F. W. Simonds, In bis 
roport on "'nshi ogt.on Coun\.y, calls the" Butcsvtlle snodsLOne.'' 

'The tMarsball shllle at the type IOC!llity is the same as tbe Fayetteville shale, but what Simonds called t" Marshall sbalc" is 
onl y the upper member or the Fayetteville. 

1 In northwestern Arkansas, where the Moorefield shale is absent, tho limestone corresponding to the Hindsville was apparently 
included in the Boone hy Branner. Ulrich. and others. 

• The !Spring (' reck limestone I the hassi part of the Moorefield shale, which is now con•idered or pre-Chester (St. Louis?) age. 
• 'l'hn Fnyellevllleshale real ly occupies the interval between the Pitkin (tArchimcdet) limestone above and the Batesville sand­

stone beneath. 
• The !Wyman sandstone I~ the same ns the Batesville sandstone. 
''rhe limestone corre.•pondlng to the il indsville was described by T. C. Ilopkins as overlying the chert bed or the Doone, but 

it was con ldered by him a part or the Doone. 
M iss$ Ro.me gE'Oiogists regard the Chattanooga shale or the southern 01nrk region as or lower Kinderhook age and assign It to the 

lsstpplan series, but the Chattanooga as exposed near Batesville, Ark., Is shown by its fossils to be or Genesee age. 

•'!'he Sylnmorc sandstone appnrenlly trons~rceses 1he geologic age bound 1 d i bl 
qund ronglo by a sandstoue of Osn~eau n~e that lies ol tb base of the Boon 1 ar 011 an s proba Y represented In the Yellvlllo 

10 '!'his !Eureka ~hale is probably the Cnsen shale e ormatton. 
11 The ('ason shale is lornlly included in tl1e Syl•m•> formation 
12 'l'he I Polk Bayou limestone at iu; type locaHt y t·on. •ts of t he F•rn..-a le and Klmm wl k ll 

an unc~n lormlty that represent the time Interval or tee rraine and T ren ton nf !'lew ~or~ mestones, which are separated by 
" Future work may show that the J n~per llmes1on~ s ould be classed as a part or 1 he Ev t r 1 tbe Jaspe~ nt~y be older than tbc St. Peter santbtone th ugh It might occupy part of tbe ine[e~-?alob~~~vteoenn.thUIJrlch1 bielleves tha t 

and Pin tUn limestone. e one 1 m dolomite 
"'rhe Black Rock and Smithville format .ions.in Sh P and Lawrence Counlies resernhle the EvPrton forma 1 · 

hut are believed by !rich, on the bas1s of fos••l ev1denc~. to occupy an interval hetwccn the Everton and Powell ton Ill lithology 
11 The •o called "Joachim limr~tone" nnd so-cnlltt ' · Sl. Peter sands1one" or the Eureka Sprin d g 

ran~,e~ arc equivalent to the upper portion or th~ . Ev~rt o ror'!'ation or the Ye!I,·IIJe quadran~le. gs an arrlson quad-
rbe base or the Cotter hn> never been defimtcl): rleftned tn Arkansas. Ulrich now belle\'e. thnt the lower p t r th c 

as mapped In the Harrison quadrangle, 1s Jefferson Cit)'. ar o e otter, 

69371-35. (Face p. 16.) 
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and zinc are found. During the cour of the fi eld "·ork on the 
present r port the ar a within the Y llville quadrangle ( e pls. 3 
a.nd 5) wa studied in d tail, and, ex ·ept a otherwis sta ted the 
discussion of tratigraphy applie · e entially to this qua.clrangle. 
The accompanyinrr table ·ho ,,· · the names and equivalen of the 
form ation ·. 

The ter ritory included within the Yellville quadrangle appears 
to have been, through Middle and pper Ordovician, ilurian, and 
Devonian time, in the critical position along the outh border of the 
Ozark land mass, where it stood alternately above and below ea level. 
Certainly thi region oscillated around a higher level than the Bates­
ville eli trict, to the outhea t , for the unconformitie between uc­
cessi' e formation r epre ent greater tratigraphic breaks than they 
do in that di trict. During the Carboniferou period ub idence 
''as more p ronounced, so that most or all of the Ozark region was 
submero-ed beneath an interior ea at different times. 

The rock of the Yellville quadrangle include repre ·entatives of 
the Ordovi ian and Silurian ·ystem · and of the Mi si sippian and 
P nn ylvanian eries of the Ca rboniferous ystem. No rocks of 
DHonian age have been found. (See pl. 2.) 

ORDOVICIAN SYSTEM 

Th Ordovician i well repre. ent d in the Yellville quadrano-Ie by 
a maximum of about 1,300 feet of marine ediments, mo tly lime tone 
and dolomite but " ·i th con iderabl sa nd ton . hale is very ubor­
dinate. Depo its of Lower, Middle, and pper Ordovician age are 
pr ent, but there are at lea t 5 and perhap 6 or 7 unconformities 
'vithin the section, o that the different erie are unequally repre-
ented. The Lower Ordovician is be t deYeloped and i in ieed the 

only ub livi ion that ha been pres rved over much of the lead and 
zinc rerrion, th e Middle and pper erie havino- been removed at the 
north if ever depo ited, by the ero ion repre. ented in the uncon­
fo nnity at the base of the Mi is ippian. 

ERI E 

COTTER AND JEFFERSON CITY DOLOMITES 

The term ' Jeff r on ity ' wa appli d to a eri of marrne ian 
lime tones in central 1is ouri by w·in low 1 5 in 1 94. In 1912 
Ulri h 16 re tricted this nam to the lower part of th e erie and 

,. Wins low. Arthur. L ad nn<l zinc dcpo it. : Mi s ouri G ol. un·ey, vol. 6, pt. l, 
p. :~:n , 1 04. 

1• Purdu , A. H ., nncl Misc t· , IT. D .. U.S. Geol. . tli'VCY G ol. A tin , Eureka Springs­
Hnl"l' i on folio (no. 202), PJ>. 4, 5. 1916. 
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proposed the name ' Cotter " and ' Pow ll ' to cover in ascending 
.order, certain hirrher formation , fir t differentiated in northern 
Arkansas. The Cotter take its name fr m the town of otter, on 
the White River in the ea tern part of the Y llville quadran o-le. All 
the e formation were in luded in the tYellville formation 17 of the 
Adam report and in the 'magn ian lime tone ·an l tone , cherts, 
etc." of the Branner report. 

Dl. 'THJBUTION 

The otter dolomite i widely expo ed over the northern part of 
the Yellville quadrangle. With the excepti on of th J effer on ity 
dolomite, which has not been differentiated in the quadrangle it 
i the only formation that occurs alona th e inn er vall y of th White 
River . It form th upland on the left ide of the riYer and in m t 
places extend back se• eral mile from the ri vor on th right ·ide. 
It extend up the vall y of rooked Creek a far a. the mouth of 
Georges reek The detail of its di -tribu tion in th Yell vill 
quadrangl are shown on plate 3. This i the formation who e out­
crop forms most of the Salem Plateau in Arkan a . 

According to Ulrich ,I the J eff r on ity dolomite i expo d in 
the valley of the 'White River around Oakland. 'Ihe am -trata 
that are there exposed crop out along the river above Oakland at 
least us far a Lhe mouth of Big 'lu ic 're k, in the low r valley of 
which they are undoubtedly xpo ed to judg from the high level 
at which the top of the Cotter lies in thi region. For the purpo e 
of thi economic report the J effer on City dolomite, becau e of its 
lithologic imilarity to the Cotter dolomite, was not differentiated 
from the otter . trata that are po ibly referable to th J effer on 
City contain no important ore deposi ts in .Arkansa 

THICKNESS 

The greatest ob erved thickne s of the combined otter and J effer­
son City was about 400 feet near Pine Mountain , outhwe t of 
Oakland, but it i possible that the thickness exceed thi at other 
places in the 'White River Valley. According to lrich, th e lower 
75 feet of this is J efferson City. Ulrich cla es 125 feet of the ec­
tion expo ed on Long Mountain , 6 miles northeast of Oakland, as 
J efferson City.19 

17A dagger (tJ preceding a geologic name indi cates tbnt th na me ba s b~cn aba ndoned 
or rejected for usc in classifica tion in publi cations of the U.S. Geo logica l Survey. Quota· 
tion mark , which were rormerly used to indicate abandoned ot· rejected na mes, are 
now used only in the ord inary sens . 

18 Ulrich, E. 0., and others, G ologic map Of Ari<ansas, Arkansas Geol. Su rvey, 1929. 
10 r ersona l communication from J o. lab Bridge. 
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Series !!ormation 

Wiuslow !ormation . 

i---------- Unconrormity 

Hale formation . 

1-----1---------- Unconformity 

" ., 
·a 
a. 
:~ 
.lli 
~ 

Pitkin limestone. 

1---------- Unconformity 
Wedl ogton sandstone member. 

li'ayrttev ille sbale. 

Boone formation. 

t . Joe limestone member. 

Uoconrormlty 

BULLETIN 853 PLATE 2 

Thickness ~ (feet) _ 

--------------------------
'"*1 '"''' ••» wn '"" "'""~•• """""''''· 

Character 

(SO) ButT to wbitisb cross-bedded sandstone conta!niog Whit bl 1 1 • e quartz peb es n ower 20 feet. 

100 Black fissile shale with brown seams or 1 · sandstone in part limy and sbaly· bro 0 ~Yb ~rondstone; gray sod olive-green sandy and llnlY shale· brownish 
• · • WnJs san Y and sbaly ll!nestone; tbi'n bed.s or dark-gray lin:uistoue. 

56-115 Massive gray bituminous limestone, ln places oolitic. 

Jli(}-200 Blark shale with limy septarian nodules; grades into drab shaly sandstone at top. 

25 Platy gray limy sandstone; weathers butr· some sand 1· d d . 
______ (o-_J_Ol_

1 
__ Lo_ca_l~ly~,_d_n_r_k~-gr~a_y_b_i_tu_m_in_o_us~~oo~li~t-ic~l~l=ro=es:=to~n~e~w~it:h~~:l~:e~~~:S~rr~t~~;~~~:O~n:~~~~~~nb~as~Y~:~.b-a_l_e_. _____________ ___ 

Massive gray crystalline crinoidal Ji.mestone, containing m uch crinoidol chert. 

Fai~ly thin-bedded reddish a'!ld gray cry~talli.ne limestone. 
Wh1te to brown sandstone w1th p h osphatic pebbles in places. 

variably crystaiiiDi 

Silu~r ino Unconrorruity 

Unconformity-==~~~~~~~ "';;;;;~~------
Glauconitic gray, pin:k, or flesb -colored {locally white) crystalline limestone, con tainiug vugs o f crys talline calcite. 

--------- Unconrormlty ~j~~~i~~t:==~~.~~~~~~~~~~~~~§~~~~~~~~~~~~==~~~ ----1----------- Unconrormity 

1----·---------- Uuconformlty 

----·1---------- Unconrormlty (H3 

St. Peter sandstone. 

l----------Uncooformlty 
1 as per 11m LOne. 

Everton formotlon. 

i----------- Unconformity 

Powell dolomite. 

Oottc(nnd Jcffcrson:Otty dolomites. 

CH~6 White to hufi saccharoidal sandstone; middle zone greenish, w ith dolomiUo e.nd shaly facies . 

o-50 

()-400 

Compact bluish-gray lhnost<me and sacchnroidai sandstone. 

Compact bluish-gray limestone, sandy limestone, friable white to bulf sandstone, sandy gray dolomite, and 
dolomite, all lnterbodded. 

85-170 Medium-bedded compact gray argUla.ceous dolomite; massive, slightly more crystalline ledge 60 feet a bove base. 

Jdal sandstone and blUe-iJ'SY or greenlab 
400+ Oray dolomite con taining some chert, ioterbedded with a little S&(lCharO · 

shale. 

GENERALIZED SECTION ~ 
The thickoesso• io parent heses oppty toliLb<~) ~ :B-OC KS EXPOSED IN THE YELLVILLE QUADRANGLE. 

~~~e subdivisions of a formation; thickneeses not ln p a ronthe!IOS apply to the wb oie forlllatioO. 
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CHARA CTE R 

The Cotter dolomite consists chiefly of alternating bed of two 
types of dolomite-a fine-oTain ed aro-illaceous " cotton rock" type 
and a coar er-O'rained, vi ibly crystalline type. Both type are gray 
wh n fresh but weather to light gray, drab, or buff and eventually 
tore l clay. The ' cotton rock , when in an ad van ed sta()'e of decay r 

i a oft chalky substance, generally buff and of low pecific gravity. 
At an intermediate staO'e of w atherin u· som of the thi cker coar e­
grained bed are mottl d in different . ha ]es. Mo. t of the dolomite· 
is in b d from 1 to 2 feet thick, but local mas ive bed may reach 
4 or 5 feet. 

Beds of and tone and of shal 2 feet or so in maximum thickne 
occur h re and there in the dolomite but are incon picuous. The 
shale is blue-gray or greeni h and weathers to olive-drab. 

Nodular chert is ry abundant in c rtain layers and i charac-
teri tic of the formation. :Many of the ma e are veral f et in 
size. In places the chert become. so predominant a to form practi­
cally a solid b d that may be 5 or 6 feet thick. Much of the nodular 
chert i. concentri cally band d in different ·hade of O'ray or buff. 
The nodules that are widely d ist ributed in a thin zone at the very 
top of the formation have th e banding deYeloped to remarkable 
perf ction . orne of them how as many a 40 or 50 alternating 
'-vhite and dark-gray band to the inch, although the widths of the 
cliff rent band within thi inch are variable. The e nodules are 
gen rally obion ()', but man are ir reO'u]ar in hape, owing to ub­
·idiary no lular D"rowth on the main rna e . They a-verage 3 or 4 
in he in len ()'th but may reach or 10 inche . The larger nod ules 
are not o d li ately banded. 

It ha. b en frequ ntly ob erv d that hert nodule in th Cotter 
have be n broken in place and th e different frag ments eparated and 
1 erh aps rotated. 'l'h material that fill the gaps between the £rag­
men i ma ·iv dolomite of the ame type a that which normally 
urround the nodule . lthough no flow line or any indication of 

()'ranulation or other tructural weakne 1 evident in the material 
that fill in between the broken edge of the fragments , ne' erthele 
it appear that thee xample are ev1dence of a deformation that in 
it end re ult imulate. pla tic deformation. Only the dolomite 
behaved plasti ally while the chert was broken. 

That much of tb ott r chert was formed by r placement of 
dolomite i indicated by the continuation of bedding lamination 
from the dolomite into the chert in a few place (ficr. 2). Ordinarily, 
how ver the I roce was accompa,nied by complete obliteration of 
such depositional f eatur s. The general rna 1vene of the chert-
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bearing beds i an additional fa ctor in maki nrr such o urren e ex­
ceptional. The replacement i b liev d to have been eff ted early 
in the hi tory of the e ]imcnts, probably only a hort time after 
depo ition. vVhile out rops of the Cotter how a certain amount of 
cru ty ilicification that i r lat d to weathering at th surface, th 
oT ater part of the chert, e p cially th nodular ch rt how. no such 
dependence on urface condition ; typical development i found in 
mine haft and drill holes th at pen tratc well below th level of 
ground water. After its formation the chert wa locally brecciated 
by rock tre es, and the dolomite that was squ zed into the inter­
stices was compl tely recryst allized, a described above. 

F I GU RE otte r clolom ilc 
in to the chert. 

Unfilled cracks and irregular solution cavities in the ch rt ar 
lined with crystalline (pyramidal) quartz that is sometimes as coarse 
grained as an eighth of an inch in rJ tal di ameter. Thi dru y 
q_uartz i not confined to chert but may occur in the dolomite. 

At a few places beds of oolitic dolomite have been found in th 
Cotter. ome of thi oolite ha been silicified, in scattered pots, to 
·chert. 1 none was recoanized in the overlying Powell , the pre encc 
of oolite becomes a criterion that, if due caution is exerci ed, may be 
used in di tingui bing Cotter from Powell. All the occurrences 
noted were near the top of the formation. 

OUTCROPS 

Except in actively eroding creek valleys or in the bluffs of the 
larger streams, the Cotter does not commonly form bedrock outcrop . 
Usually it weathers down to a tony red clay. Some of the chert 
in this clay appears to be due to surface silicification, although the 
greater part of it r epre ·ents the original cher t that ha been concen­
trated in the residual oil. Except for their stony natltrc, soils 
derived from the Cotter are fairly fertile. 

FOS, fLS AN D AGE 

The Ootter dolom.ite is, on the whole, rather unfo . iliferous, but 
certain bed have yielded a characteristic fauna. This fauna has 
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been tunied in comwction with other geolocric inve tia-ations of 
llorthcrn Arkansa and only incidenta l collection were made dur­
ing the field w-ork for this report. The be t collecting is always 
found on weathered outcrop , where the fo ils that have been silic­
ified during weathering are pre erved in the urficial hert . 1ost 
{,f the fos ·il types are either gastropods or cephalopods, but the 
g nus 01'Jjptozoon, a colonial algal form, i al o \Yell repr ·ented . 
lt i unoommon or ab ent in th overlying Po"el l. A colony of 
ihi ancient plant appears a a flat dome- 1 aped cone ntric tructure, 
a. much a 1 or 2 feet across, on the beddina- urface of a dolomite 
layer. Generally the colonie them ·elves tend to occur in con ider­
able numb r · at the horizon where th y are clevek>ped. 

The Cotter i of Lower Ordovician age and, from the character 
of it :Dossils, i correlated ·with the upper part of the Beekman­
town lime tone of the type New York secti•on. 

STRATJORAl'liiC llELA TIO i\"S 

The contact betwen the otter and the o,- rlying Po,Yell ha been 
de cribe l a one of ero ional unconfonnity 20 with the o currence 
of a ba al chert breccia in tbe Po"·ell. No breccia that could be 
definitely ascribed to this oria-in ,,.a · ob erved by the writer at 
thi horizon within the Yellville quadrano·l . 

The zone of banded chert nodule mentioned previou ly wa arbi­
trarily cho en a tl e top of the Cotter. It oc upies an interval of 
only a foot or o in a 4- or !5-foot le lcre of fin e- rrraine 1 dolomite. 
The dolomite i. overlain by 5 feet of a-reeni h ·hale follow <l by 
·' ootton ro k " \Vhi h in place how mud cra ck in a lirrhtly 
sandy lay r 10 f et above th chert. Below the chert ome a 5- to 
10-foot zon f •· cotton ro k ' then 5 fe t of a-re ni h or blue-gray 
dolom iti hale. 

!though thi chert zone may not be at exa tly the horizon that 
ha been previou ly cho en as the contact betwe n otter and Powell, 
it i clo e to that horizon and ha th I ractical advantag that, ·for 
purpo s of mapping it i a y to loca.te in the fiel L 

POWELL DOLOMITE 

NA.hll': 

Th P well wa in lud d in the ' magnesian lime tone , and­
ton s, chert , et .," of the Branner report and in the t Yellville for­

mation of the Adam report. In 1911 lrich 21 r stricted the term 
t" Yell vi 11 " to the middle part of the formation a recognized by 

20 Purdue. A. rt .. a nd Miser, H. D., U.S. Geo L Survey Geol. Atlas, Eureka Springs­
Ha rrison foli o (no. :!02), p. 5, 1916. 

"'Ulrich, Ill. 0 ., Rcvis i<> n of the Paleozoic systems : Geol. Soc. Am ri ca Bull., vol. 22 , 
pp. 667-671, 1911. 
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Adam , calling tb upp r part Everton and the low r part J effer­
~on City. In 1912 22 he ub tituted th name 'Powell " for hi 
tY lh·ille (restricted) and ub livid l the Jeff ron ity of earlier 
report into bvo formation . , the Cott r above and the J ff r on ity 
(r tricted) b low. Th name ' P o,Yell i. taken from a no"­
abandon ed ettlement on Crooked r ek n ar the c nt · r of the Y 11-
ville quadrangle. Only the top pa rt of the fon1 ation i · expo d 
at the type locality. 

DISl'IUilUTION 

The Powell d lomite i widel expo cd ver th north hro-third 
of th Y ll ill quadran o-le. but unlike th otter who ·c outer p 
form broad fiats, it i largely re. b·icted to the low r part of the 
Eureka princr · e carpment, or l e it may form low and u ually 
g ntly loping hill or riclcres that lie out ·orne eli tance from the 
main e carpment. Owing to th outhward dip of the strata , it 
i buri d o,·er mo t of the outh third of the quadrangl e but it 
crop out in the Ru h di stri t and along the Buffalo River at Mount 
H ersey. 

The thickne · of th Powell i nearly ever. wher between 140 
and 170 feet, the mo t · mmon fio-urc beino- 160 feet . From hort 
1ountain we tward aloncr the Eureka prings e carpment to th 

we tern edge of th quadrangle the thicknes · de reuses to 5 feet. 
although uneY nly. From Elixir pring wc. ·tward this de r a c 
can be attributed in part to the unconformity at the ba e of the 
Mi issippian, but in the tretch b tween hort :fountain and Elixir 
Spring , wh re the minimum thickn · i about 100 feet, the lo·wer 
part of th Everton formation i till pre ei1t beneath the Mis i .ip­
pian. It i po ·ible that the unconformity at the ba e of the Ever­
ton, which el ewhere i onl y a break in the tratigraphic section 
indicated by a ba al breccia in this r gion cut out ome of the b d 
at the top of the Powell. 

OH .~R.ACTER 

The Powell i · dominantly a fine-grained gray argillaceous dolo­
mite (loca lly called cotton rock) that efferve ce very lowly with 
dilute acid. Analy e made on three specimen by J. G. Fairchild 
in th~ chemical laboratory of the nite l tates Geological Survey 
. how a slight exce s of calcium over th theoreti cal ratio for dolo­
mite, the molecular ratio being 1.1: 1.0 in tead of 1 : 1. ifi ro copic 
examination of powder <1 ample of thes- and ot her pecJmen 
confirms the analy e in ·howing only dolomite. The amount of 
insoluble clay material is high reaching 34 p rc nt in one of the 

""Purdue, A. ll., and Miser , H . D., op. cit., pp. 4, 5. 
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amples analyzed. A exposed in the bed of runnino- stream , the 
surface of the fre h rock i u ually coat d by a thin cru t that is 
buff in color. nder conditions of atmo pberic weathering the rock 
blea he to a drab or whit · more advanced weatherino- produce a 
buff chalky material of low ·peci fic gravity and finally r ed clay. 
The bedding of the ' otton rock ' is rath r thin, the individual 
layer averaging 1 to 6 inche · thick but in place reaching 5 feet 
or o. 

Interbedded with the fine-o-rained ro k are a few thi ker beds of 
a coarser-grained type. One of the · beds, 7 to 10 f et thick, whi h 
lie about 60 feet above the zone of chert nodul that mark the 
top of the otter, i · per i tent OYer the whole quadrangle 'vherever 
the bed.· at it horizon crop out. It i a l. o pre ent in the north a t 
com er of the Hani on quadran<Yl , ju t wet of the Yellvill . Tho e 
who have p ro [ e t d for lead and zinc in northern Arkan a have 
recogni zed it a ~ a b d that com monly carrie ore, and have de ignated 
it th e t ·' Black Ledge' . in allu ion to the fa t that it o- nerall 
,,·eather dark. .A ide from it ma iYe character and medium­
g rained t xture, the t Black Led<Ye i · characterized by quartz-lined 
d ru e and, in place g reeni h or g ray che rt · <Y r <Yations. II here 
weathe red the quartz of the dru es project b yond th e main urface 
of the rock, producin o- a very rough, hackl3 udace. Th t Bla k 
L edge is commonly fo silif rou . 

Th r ar other ledge in the P ow ll of the ame gen ral type a 
the t Black L d17e, thouo-h not ·o thick but the} were not traced 
over the quadrancrle. A more d tail d tratio-raphic tudy might 
how ome of them to b a pet. i tent a the t Black L edge itself. 

Th P ow 11 lolomit i more or 1 iliceou · throughout but i 
pe iall y o in the upp r part. On weatherin <Y the silica cry tallizes 

a. · fine d ru y quartz that Lin · rack and mall eluti on pockets, or 
I in a mor adnn d tao-e it eo-recrate on the ero ion surfa e as 

hacldy ma e of dull <Yl'a), whiti h and lo ally <Yreeni h chert, with 
numer u dru ·y quartz urface . The formation contain om pri­
mary nodular white and <Y ray chert at certain horizons and ome 
b dd d chert, but th ese ar not o characteri tic a they are of the 

otter. ome of th e nodnl arc roughly ban led, but nowher on 
ale a tho e of th ott r; they al o incline to b in lio-hter 

~had <'s of <Yray. \.t several Localitie · in tb eastern part of the 
Yellville quadrano-le outh of rooked re k a prominent bed of 
hert wa ob erved at approximately the horizon of the t Black 

L eclere. t the tim that part of the r o-ion wa examined the writer 
wa n t fami li ar with the t B lack Ledge a a tratio-raphic unit· 
hen e the opinion here pr ented that the chert i a la teral variation 
of the tBla k Led <Ye, lack the ub -tantia ion that a criti alreexami-
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nation of the region mio-ht give . Partial Yidcn that i. at lea. t 
ugge tive of uch a relation hi1 how ver i · foulld in th o ·nr­

rence of fo il in weathered pha · of the chert, where it rop. · out 
on Ingram Branch of Blue John r ek, in ec. 27: T . 1 ., R. 15 "\V. ; 
in part of the Y llvill quadrangle " ·here th t Black Le lg is 
present fossil are rare in the Pow 11 · except at thi I articular 
horizon. In addition to the locality on Ingram Branch the ch rt 
wa · recognized on Ru h Cre k in sec . . 5 and G, 'I. 17 . R. 15 "\V. · 
on \Varner reek at the mouth of "\Vi1Jiam Branch. ju i.:> t eaHt of th e 
quadranCYle boundary· an l at everal pla e alono- and n ar the road 
that leads ea. t from On ·ct (Rea Valley). Th t:h rt i. g ray to 
whiti ·h i commonly mottled, and in certain part h w imperf ct 
concentri bandino-, locall )' on a rather fin ca l . It weath r 
usually to a buff or brown olor. The maximum thickne of 6 to 
feet occurs on Ingram Branch. 

A small amount of o- re ni h to blnc-<>Tay shal , mor or lc 
dolomitic i bedded with th e dolomite of th Powell and grad s into 
it. These haly bed do not average mor than 2 or 3 feet in thick-
ness. earns of sand tone and of . andy dolon it , only a few inch 
thick, are pre ·ent in the formation but are rather uncommon. An 
exceptional occurrence of and tone wa noted about 2 miles ea t ­
northea -t of Monarch : in th e NW1;4 W 1;4 sec. 17, T. 20 N. R. 17 W. 
H ere, at a horizon ome"·herc abo 1·c th t Blat:k L cdo-e, a len of 
horizontally bedded and rather thick b cldecl . anclst n 300 feet in 
length, show a maximum thickne s of 15 fe t in it center. The 
and grains are well round c1 except for a c rtain amount of cry tal­

line material that ha · been added to the o-rain ince their d po ition. 
Evidenc of hallow-water depo ition and of m rgence are not 

uncommon in the lower part of th Po·well. The cxi.stenc of .·nn 
crack in ' cotton rock," 10 feet above the ba e of th formation ha 
already been mentioned (p. 21) , and ripple-marked "cotton rock" 
is occa ionally found . At one place near Yellville a layer of fine­
grained and tone wa depo ited over a thin greenish n1ud film that 
contained ca t of alt cry. tals. The molds of these crystals, which 
are a much as an inch aero. , are preserved as partly deformed cube 
on the bottom of the sandy layer. 

At a few places mas es of quartzite stand as huge re idual on 
th~ weathered urface of the Powell, near the top of the formation. 
Such mas es are apparently more common in the H arri on and 
Eureka prings quadrangle than in the Yellville quadrangle, but 
one is present on the north slope of a ridge in sec. 23, T. 20 ., R. 
19 W ., 2 miles northwe t of Elixir Springs. It i rudely cylindri cal , 
and about 30 feet in height and diameter, and it ba e is 40 feet 
below the contact of th e t. Joe lime tone (Mis issippian) ''' ith the 
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Pow 11. The rock i ma s ive ex cpt. for joint · that dip into the ma 
at rather low ana!e.· (30°-45° ) from the north and south. There i 
al o one horizontal joint near the top. i\Ii ser 23 reports having een 
a imilar quartzite mass in the vi ·inity of Zinc when he traver ·ed 
the r eo-ion in 1912. 

The ·e qua r tzit ma scs have been interpreted as the filling of 
solution cavitie · in the Powell b) and from the Everton.2

' Their 
formation wa accompli. hed , in part at l ac:t , at some time befor 
the Mi. i ippian , because, in the occurren ce cited near E lixir 

pring., the un onfonnity at th e base of the t. Joe ha cut out all 
th sanel y beds that could haYe en -eel a a ource for th e and.2 ~ 

nd r the pre ent ero ion cycle on the olubon of the enclo ing 
dolomite by weath erina the more r ; tnnt qnartzite remain. a 
re idual knobs. 

0U1'0HOP 

The Powell a · a general rule carries only a very thin film of . ·oil, 
and in many places even this is ab ent, so that the bed ro k rop 
out at the surface. Owing to the thinne s of the bedding and the 
corre ponding tenden y to flake o:ff, th e u tc ropping urfa ce i · in 
general partly covered by a loo e mantl e of mall ro k chips. A · a 
rule no ledge project above the urfac of the ground. Thi type of 
outcrop i e pecially chara teri ti of the cedar brake· that form on 
such area of barr n ·oi l. Th absence of oil is p robably due to 
the impenion , earthy nature of th e ro k , with it r ultant lack of 
ch mi al w atherinrr. Thi . imp rrn abi lity also a count for th 
fa ·t that ne of the u ·ual h rizon for ·prina i · at or ju tab ve the 
contact 1 the Pow ll with th O\'erlyina Everton. \ Vater percolat­
ing d wnward throngh th Ev rt n i · arr ted when it reache the 
Powell dolomite nncl i. fo r ed to eck an outlet by moYina laterally. 

FO ,._ I LS Ai'>D .\O E 

The Powell dolomite i. not ·onspi cuou ·ly fo i Liferou . Oraanic 
remains ar not uncommon in the t Black L e l cr , and th fauna i. a 
characteri tic one b11t el. e\\'h er ' in the formation fo il are rare. 
One oll tion wa · made from re. ·id ual drusy chert at a horizon 
ncar the ba e of the f rrnation , nlong the roa ., ]own Fallen A h 

r ek , 3 mil s ea t of north frorn Yelh·ill '· As in the otter, the 
dominant form in the Pow ll are o·a .trOJ 0 I . and er hnlopo] ' but 
some brachiopod and tri lobites are rep re cntecl . tfo t of the pecie 
of the fauna are a y t uncle ribed. From the chara -ter of its 

" Mi ser, JJ. D ., oral communi cation. 
"' l'urdue, A. H ., and ~ r i ser, If. 0 ., 1' .. ·. Gco l. Snrvcs Gco l. Atlas, Eu t· l<n Springs­

lin rrl son foli o (no. 202), p. 5, l!.l16. 
20 ee a lso J'urd 11c, A. ll. , and Mi c t·, U . 0. , op. c it. fi g . 9. 
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fo sils the Powell is definitely Lower Ordovician and has been cor­
related with th upper part of the B kmantown of the New York 
section . 

S'l'RATIORAPHIC RELATIONS 

Ulrich maintain that the contact b tween the Powell and otter 
·dolomites i one of ero ional unconformity, with a chert breccia at 
the ba e of the Powell. Evidences of hallow water and of lio-ht 
.emergence a.t the stratigraphic 1 vel of the lo,-vcr Powell have al­
ready been cited by the writ r , but no videnc o:f er\) ion has been 
.ob erved, and in the experien e of the writer the two formation 
.appear to be conformabl . The Powell cliff rs litholocically from 
the Cotter in beino- on the average thinner-bedde l and finer-grained, 
in containing les and generally lighter-colored chert, and in its 
.characteri tic tyr of outcrop. In many plac the contact between 
the two can be approximated fairly closely at the line where deep 
oil gives way to hallow barren oil. 

The Powell is unconformably overlain by the ba al chert breccia 
.o:f the Everton or, we t o:f Elixir prings, by the t . Joe member o:f 
the Boone. 

SMITHVILLE AND BLACK ROCK FORMATIONS 

The ore depo i of harp and Lawrence ountie o cur in ro k. 
which res mble certain pha e · of the Everton but whi h accord ina 
to Ulrich are older than the Everton. He distino-ui he two for­
mations on pal ontologie grounds, the mithville and the Black 
R ock. The Smithville i the older. Accordino- to Bridge,2

G the ore 
.occur in the lower part of the mithville and particularly at it ba . 

NAli!ES 

The mithville and Black Rock formation are includ d in the 
( magn ian limestone , ·and tones, cher , etc." of th Brann r 
report. In 1911 they were included in the t Yellville ( re tricted 
=Powell) formation by lrich 27 but were believed at that time to 
be older than the Powell dolomite of the Yellville quadrancrle. More 
recent work by lrich has led him to consider them younger than 
the Powell but older than the Everton. The names " mithville" 
and "Black Rock" were first published on the geologic map of 
hkan as,28 but the characters and limit of the formation have 

never been satisfactorily defined in print. 

"'Bridge, .Josiah, personal communication . 
27 Ulrich, E. 0 ., Revision of tbe Paleozoic systems: Geol. Soc. America Bull., vol. 22, 

pp. 667- 66 • 1911. 
.. Geologic map or Arkansas, Arkansas Geol. Survey, 1929. 
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DISTRil.IUTIO~ 

These formation have never been mapped in detail. Practical! 
all the stratigraphic information on them i contained in the unpub­
lished notes of lrich, which were u eel in plottinO' the distribution 
of the formations on the State map. According to the map, the two 
formations crop out in a northeast- outhwest belt from southeastern 
Sharp County through we tern L awrence County to outhern Ran­
dolph County. 

TlHOKNE 

Approximate thiclrnes e of 200 feet are o·i, en for both the mith­
ville and Black Rock form ation on the geoloO'ic map of Arkan a , 
but rich, in an unpublished manu cript, records thickn sses of 65 
feet and 5~ (perhaps plus) feet re pectively. 

H c\RA(JJTR 

The wr:iter i acquainted with the mith•ille and Black Rock for­
mations only as they occur with or in the vicinity of the lead and zinc 
ores of harp and Lawrence Counties. The dominant rock type is 
a fine-grained (Tray magne. ian lime tone or dolomite that weather 
to a drab or whitj h color. Thi · type i somewhat thicker-bedded 
than imilar lithologic phase of he Powell. With it are a sociated 
mino;· amount of , andstone and blue-crray lime ton . No attempt 
has been made to eli tingui h betw en the two formations in the field , 
a information on their tratigraphi limit was not available at the 
time he region was examined. 

0 TOROP 

The mithville and Black Rock formation , so far as known, are 
confined in Arlmn as to the drainaO'e ba in of the Strawberry and 
Spring Rivers on the alem Plateau.20 The region is gently rolling 
and w 11 wooded and show little reli ef. Outcrop of the formation 
ar covered by a moderate thickness of reddi h clayey oil, through 
whi h project here and there rna sive rounded expo ures of bedrock. 

uch expo ·ures generally do not extend far above the surrounding 
()'round lev l. Ledcres and bluff are ab ent except for low ones along 
the main drainacre lines. 

FOSSIL AlVD AO~: .. 

The faunal peculiarity of the Smithville and Black Rock forma­
tions is the presence of graptolites. I n addition to these, the Smith-

"' Bridge report (personal communication) tha t the Smithville, with Its characteristic 
fauna, has been fou nd above the Powell dolomite south of Marble Hill, Mo. 

'"Tnl<en Crom !rich, E. 0 ., Revis ion of th Paleozoic ystems : Geol. oc. America Bull. , 
~o l. 22, p. 66 , 1911 . The mithville nnd Black Rock formations had not been defined 
ns sepnmte formations when this was written. 

69371- 35-- 3 
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ville contains a large molluscan fauna (ga tropods and cephalopods) . 
The dominant fo sil forms of the Black Rock fauna comprise sponges, 
bryozoan , and brachiopod . Both formations are Lower Ordovician 
in age and are referred by Ulrich to the uppermo t tCanadian, equiv­
alent to the uppermo t Beekmantown of the N w York s ction. 

STRATIGRAPHIC RE[.A~'IONS 

Nothing has been publi h d on the relation of the Bla k Rock and 
mithville to each other or to the Powell. The Black Rock i · believed 

by Ulrich to be overlain unconformably by the Everton. 
The Smithville and Black Rock formations occupy all or a large 

part of the tratigraphic interval b tween the Powell dolomite and 
St. Peter andstone. Thi inten al is occupied by the Everton for ­
mation in region to the we t. In the cou r e of tl1e field work on the 
present report the writer traced the Everton formation ea tward 
from the Yellville quadrangle to the ection b bv en av ity and 
Evening hade, Sharp County. In this eli tance it hthologic char­
a.cter shows a progres ive change which, if per i tent over the re­
maining distance to the region where the mithville and Black Rock 
formations are exposed, would lead to sediments who e lit~wlog3 
would be approximately that hown by these formation . More spe­
cifically, the lithology chang from a ection that contain limestone, 
sandstone, and medium- and fine-oTained dolomite to a ection that 
contains les limestone, les sand tone, and le medium-grained dolo­
mite, but more fine-grained dolomite. Before the stratigraphic rela­
tions between the mithville, Black Rock, and Everton formation 
are worked out satisfactorily it will be necessary to trace the basal 
breccia of the Everton, or its stratigraphic equivalent if it varie , from 
the one region to the other. This will be difficult and may prove to 
be impossible, owing to the extreme scarcity of outcrop within the 
Strawberry River Basin. 

EVERTON FORMATION 

A knowledge of the distribution, character and strati~Yraphic 

limits of the Everton formation in northern Arkansas i · of prac­
tical importance, owing to the fact that this formation i · one of the 
two principal sources of lead and zinc ores. Practically all the 
mines that have produced in Marion, Searcy, and Boone Counties, 
as welt as certain less productive ones in r ewton ounty, were devel­
oped on ore deposits in the Everton. 

NAME 

The strata making up the formation were included in the " mag­
nesian limestones, sandstones, cherts, etc.", of the Branner report 
and in the t Yell ville formation of the Adams report. In 1911 
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lri h 31 propo eel the term ' Everton lime tone " to cover the upper­
most part of the very much generalized and all-inclu ive unit 
re ognized in the earlier lead and zinc reports. Th name i taken 
from the town of Everton, in the Yellville quadrangle, where the 
upper part of the formation is well expo eel . 

DISTRIBU TION 

The EYerton i the mo t widely distributed formation in the 
Yellville quadrangle. In the north half , where it is thinner , it form 
a part of the lope. of the high ridg that stan d out as u h con-
picuous element of the topography in thi r egion. In the outh 

half it form the teep valley walls of practi ally all the main 
dra inaO'e line . ' Vherever it crops out it tend to make teep lopes, 
but this i ap] arently due to the fa ct that it i overlain by more 
re i tant bed that protect it in an e carpm nt.. The Eureka p rings 
e carpment ontain. th e Everton formation wherever the formati on 
is pre ent in the stra t igraphic ection. Where the Everton is th e­
top formation on a drainage divide, a on Cowan Barren , outhea t 
of Yellville, it may exhibit a more ubdued topography. 

TBICK N E . 

The thickne of th e formation r anO'e from 400 fee t in the Ru h 
reek eli ·trict to the vani hjng point at th e north end of hort 

Monntai1 and north,,·e of Elixir p rin O'. . It j ~ bet1...-een 100 and 
125 feet at Zinc; 75 feet 2 mile northw t of Dodd ity (Edna 
Bee mine) · 0 feet on the a t head of Big 1u ic reek; 225 feet 
on Lee l\Iountain 1 mile north we t of Flippin; 340 f et on the north 
ide of Hall Mountain 3 mile eat of Yellville ; 330 feet 11/ 2 mile 

ea t of On et; about 400 feet at the we t end of th e mountain north 
of Ru h · and about 370 feet at Mount H er e . The thicknes in 
the Yellville quadrangle in rea e to the outh and ea t and decrea es 
to the north an 1 west . The decrease i produced largely by the 
regional unconformity at th e ba e of th Mi i ippian, which 
truncates the und rlying bed , including th Everton. The thick­
n es at Ru h and Mount H er ey are approximate mea ures of th e 
orio-inal thiclme s of the Everton, for at the e localitie it is over ­
lain by St. P eter sand tone, which is the overlying formation in the 
normal stratiO"raphic section. 

CHARACTER 

The Everton formation consists of alternating limestone, dolomite, 
and sandstone in varying proportions with a very minor amount of 
shale. An incon picuous chert and dolomite breccja forms the base of 

" I ri ch, E. 0 ., Revj ion of the Paleozoic systems: Geol. Soc. America Bull., vol. 22. 
pl. 27, lOll. 
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the formation in most place . No single lithologic unit is continuous 
over any great area, o that th section at any one locality is in gen­
eral not dupli cated elsewhere, except in a very rou o-h way. 

The limeston normally have a d n. groundmass but alway 
contain small irregular pa tche and individual crystal. of calcite; 
they are blue-gray to browni h gray. A common variation from the 
normal is produced by partial recry tallization in which the calcite 
patches .increase in number and size and grad into the residual 
groundma , which take on a lighter-colored, more ' ugarized " 
appearance. Much of the limestone contains crystalline dolomite, 
either scattered as small individual rhomb. through th groundma 
of the limestone or else concentrated along certain ~dding planes. 
On the weathered urface the e rhomb tand out in relief, owing to 
their greater resistance to olution. Many of the lime tone beds 
are sandy, with individual grain of the same ize and character a · 
tho e malting up the purer andstones. mall amorphou blebs and, 
l ess commonly, small cube of pyrite are of local oc urrence in the 
limestone, e pecially near the top of the formation, within a few feet 
·of the unconformable contact with the overlying lime tone of the 
:Mis issi ppian epo h (St. Joe limestone) . Gray nodular chert is 
not uncommon in the E\·er ton lime tone and bed that have been 
wholly converted to chert (ja pcroid) are charact ri tic ac ompnni­
.ment of one of the type of ore depo it . The bedd ing of the l im -
.stone may be on the scale of a fraction of an inch, or it ma) rea h 
3 or 4 feet. 

Intraformational limeston conglomerate are common in the 
Everton. They are generally only a few inches thick, but ome ar 
1 or 2 feet thick. The lime tone pebble are ubano-ular: are com­
monly lath-shaped , and tend to lie parallel with th beddino-. They 
rarely exceed an inch in their gr ate t dimen ion. The groundma 
in which they ar embedded may have a few and o-rain ·catt red 
tlu·ouo-h it. or it may contain dolomite ry tal , or it mRy si n ply 
po es. a ·liahtly differ nt texture that is not e pecially vic1 nt on 
the fre h surface but that produce. a sharp differcnc in app arance 
ibetween pebble and matrix on the weathered surface. That the 
-pebbles wer depo ited in their present situation while the lime com­
po ing them was till soft i indicated, in certain occurrences where 
the matrix is sandy, by grains of sand that are embedded in the sur­
faces of the pebbles. Under conditions of present-day weathering 
the sand grains may break out, leaving the pebble surfaces pitted 
·;with their casts. 

Additional evidence of shallow-water deposition of at least a 
part of the Everton limestone is found in the dev lopment of ripple 
mark here and there in thin-bedded pha e of the lime ton . 
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Emergence during the period of sedimentation is recorded in a few 
place by the presence in the limestone of sun cracks, which were 
filled , when the next overlying bed was deposited, by the sand or 
sandy lime that was spread over the lime urface. 

Certain structural features of the bedding in the Everton lin1estones 
have been interpreted a 01·yptozoon colonie . In cro section they 
appear as rather abrupt concentric upcurves in the lines of bedding 
(pl. 6, B) . VVhen viewed on the bedding urface from above they 
are seen to be small domes whose diameters range generally from 
2 to 6 inches, although locally r aching 1 foot. ually the domes 
are fairly clo ely paced in certain bed , o that the ba ins between 
the domes are almo t as conspicuous as the dome them elve . Some 
of these feature are levelor ed in fine-grained dark-ooray ]olomite, 
and in place , as at the Madison mine outhwe t of Zinc, they are 
pr€ erved even after the limestone ha been altered to coarse­
grained dolomite. The bedding at the Madi on mine ha be n ac­
e ntuated by grains of disseminated sphalerite that have d Yeloped 
more freely along the bedding urfaces. 

The Everton dolomites are extremely variable in character. There 
i very !!radation in texture from a dense porcelaneou ro k to a 
eoar e-g1·ained one in which the individual dolomite cry tal ap­
proach the iz of a mall pinh ad. 'I here i al o a oar e gray 
par dolomite a ociat d with ore depo it in which the individual 
T tals averao-e around a qua,rter of an inch in ize, but betwe n this 

and the coar er-grained rock-formu1o- type gradation i rar . The 
coarser dolomite are gray, in place with fi e h or browni h tint ; the 
finer-o-rained one are gen rally much dark r and browner almost 
basaltic in app arance and are in many places di tinctly bituminous. 

orne of the fine-o-rained dolomites, however, are plain gray and are 
indi tinguishable from the dominant litholoo-ic type in the underly­
ing Powell. Although this type may appear at any horizon, it is 
more likel) to occur in the ba al part of the formation. Where it 
does, unle s the di tincti' e chert breccia that occur at the ba e of the 
Everton i pr s nt or unl the gray dolomite is underlain by a bed 
that is more definitely of E erton type: it become a problem to de­
termine the boundary between the two formation . ually the 
lower Ever'ton dolomites tend to form dark-color d ledge where 
they crop out, wher as tho e of the Powell weather down to more 
even lopes in which bedrock lie either a or Yery clo e to the 
urface. 

Many of the Everton dolomite are andy: and all weather to 
much darker ledges than the lunestone "ith which they are associ­
ated. Some gray to whitish chert is locally dev loped along the 
oodding of the dolomite but is not especially abundant or distinc-
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tive. At two or three localities the chert was observed to have 
replaced an oolitic dolomite. 

The occurrence of authigenic feld par in limestones and dolomit~ 
has been reported by several writers.82 A microscopic examination 
of the insoluble residue from specimens of limestone and dolomite 

JiO JJO · 

A B c 

D E 
FIGURtl 3.- Crysta l forms of a uth igenic fe ldspar· io limes tones a nd dolom ite- of tbe 

E ve r·ton fo rma t ion. r,,·stn ls A a nd B (adularia) nrc orient i to con form wi th 
crystals C, D, a nd E rather than in the or ieol atiou gi ven by Pirs on ( .S. Oeol. Survey 
20th .\nn . R pt .. pt. 3, p. 167, 1000) fo t· cry tal · from . il\•c t· it~· . Idaho, which have 
the orthoclome (I OJ) cl cv loped in s tead of t h basa l pinaco id (001). 

from the Ev rton formation has revealed its presence, along with 
variable amounts of detrital feldspar, in every instance. The sub­
joined table lists the specimens that were examine 1. The indi­
vidual feldspar crystals are minute, averaging 0.01 to 0.05 milli-

"Singewalcl , .r. T ., Jr. , and Mil to n, Charles, Authigenic felclspar in limes tone at Olen 
Falls, r . Y. : Oeol. Soc. America Bull., vol. 40, pp. 463-468, 1929. Tbis paper g ives 
references to eve ral ea rlier ones. 
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meters in diameter, with a maximum diameter of about 0.12 milli­
meters. fany of the crystals have irregular, frayed borders, but a 
large percentage of them have euhedral faces. The common feld­
spar forms are developed, as shown in figure 3. The smaller 
crystals tend toward simple rhombic outlines. Cleavage is rarely 
visible. 

Specimens from the Everton fO'rmation showing authige1llic teldspa1· 

o. Rock type 

1 Limestone.- ---- --- -

2 _____ do. ________ ___ _ _ 

..... do ___ __ ________ _ 

4 Fine-grained light­
gray dolomite. 

5 Fine-grained brown­
ish-gray bitumi­
nous dolomite. 

6 Medium-g r ained 
dark-gray bitumi· 
nous dolomite. 

7 M dium-g r a in ed 
light-gray dolo· 
mite. 

!IIedium-grained 
gray dolomite. 

9 Coarse-g rained 
light-gray dolo· 
mita. 

10 0 r e e n i s h- b I u e 
opaQue argillace­
ous chert. 

11 Whit • porcelaneous 
argill aceous cher t . 

Locality 

ortb end or r idge between 
Clear and Hampton Creeks, 
probably 'E,lisec. l ,T.l 
N., R.l7W. 

Brushy Fork of Jimmie Creek, 
probably sec. 12, '1' . 19 N., 
R.l7W . 

Moccasin Creek, sec. 15, T. 19 
N ., R . 16 W .; a short dis­
tancedownstream rrorn fau lt. 

Old road up Lee Mountain, 
sec. 28, T. 19 N ., R. 16 W. 

Foot of bluff, 1,000 feet down· 
stream from 'ilver Uollow 
mine, near Rush. 

Uead or Williams Branch 
(tributary to Warner Creek), 
probably sec.l9, '1'.1 ., R. 
14 w . 

North side or Balls Mountain, 
soc. 7, T . 1 r. , R. 16 \Y . 

Old road leading up from Clear 
Creek. probably SW,li soc. 
I .'1'.1 N.,R.I7W. 

West prong or Mill reek, 
NW,li sec. 28, '1'. I ·., R . 
16\V. 

Clabber Creek, sec. 24, '1' . I 
N .,R.16W. 

Oreesy reck near road cro s­
ing, EH sec. 26, •r. 1 1\., 
R. 17 w. 

Horizon 

rmmediately be­
l ow Newton 
sandstone. 

I ear top of forma­
tion (here about 
110 feet thick). 

1 ear base of forma· 
tion. 

50 feet above base 
or formation. 

310 feet below top 
of fo rm ation 
(here about 400 
feet thick) . 

40 feet above base 
or formation. 

90 reet above base 
of formation. 

A bout 45 reet be· 
low ewton 
sandstone. 

5 reet above ba e 
or formation. 

Base or formation . 

Just above basal 
breccia. 

Kind of feldspar 

Or thoclase (microcline 
probably detrital). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

0 r t h o c I as e . rather 
abundant in crushed 
materiAl. 

o refractive index ha been found xceeding 1.53, which indi­
cates that the dominant feld pari the potash variety. Most of the 
crystals are untwiru1ed orthoclase, but everal, especially among the 
larger one , show good microcline twinning. These microcline 
cry tals tend to be anhedral and ar probably detrital, but many 
of them show euhed ral . elvage zones of orthocla e. The presence 
of untwinned microcline in the cores of a f w crystal i. indicated 
by extinction ano-les (X A 010) on ba aJ plate that attain 18° 
in the centers of such crystals, as compared to angles of 0-4° in the 
border zones,88 and by slightly hio-her indices of refraction in the 
central core a compared to the bor loring zone . 

Authigenic feldspa r has been found not only in the calcareous 
sediments, but al o in argillaceous chert lying a.t the base of the 

03 'l'hc angles were measured on crysta ls lying natural!>' on lbc 001 rncc in oil; hence 
they mny depa rt sligh t ly f rom the true value . 
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Everton. In none of he pecim n cited in the preceding table 
can the occurrence of the fel l par be ascribed with any certainty 
to processes of ore deposition; the specimens were taken from ap­
parently undi turbed beds at points remote from lmown ore de­
posits. As will be pointe lout later, feld par showing th arne type 
of occurrence is equally abundant. in the ore deposits. 

At many places within the Yellville quadrangle limestone grades 
along the bedding into medium- or coar e-grained dolomite, or more 
rarely to rather fine grained dolomite. uch gradations are e pe­
cially well illustrated in some of th mines-for xample, the 1c­
Intosh, Capp , Madi on, Ohio ure P op, Ike Emery-owing to the 
more favorable expo urc , but they occur at many other place . The 
varying amount of dolomite contain d in a given interval of the 
Everton section in different places i indirect ev:idcnce of this grada­
tion. Thu , on Halls 1ountain, 3 mil east of Yellville, the ba a.l 40 
feet con i ts almost enti rely of dolomite with no lime tone, but on 
Lee Mountain, 5 miles to the north, limestone occupie the 10-foot 
interval from 4 to 14 feet above the ba e. 

It is believed hat the medium- and coarser-grained dolomites were 
formed by replacement of limestone, and probably during sedim nta­
tion, each bed having been dolomitized or partially dolomitized 
very shortly after its depo ition on the floor of the ea.34 In the 
Rush mining district the ore depo it in everal of the mine that 
are distributed oYer an area more than a mile in diam ter oc ur in 
a discontinuously dolomitizedlimestone at a certain definite horizon. 
This dolomite is rarely more than 15 f eet thick. Its upper urfac , 
against sandstone or limestone, is well defined, but its lower boundary, 
again t limestone, is very irregular. It is difficult to see how, under 
any theory of subsequent alteration, the dolomitization could h ave 
been confined so closely to a certain definite bed. I n the app mine 
the dolomite is separated from an overlying limy sand tone by 2 
feet of unaltered limestone, which precludes any possibility that the 
sandstone has acted as a channel for the subsequent introduction of 
magnesium-bearing solutions. 

Ordinarily any fossil remain that may have been present in the 
original limestone are destroyed when the rock is converted to a 
medium or coarse grained dolomite, but exceptions to this generaliza­
tion occur. 01vyptozoon remain have survived the chancre at the 
Madison mine and at a few other localities. In addition, microscopic 
examination of specimens from the Red Cloud mine shows that the 
outlines of ostracodes have survived not only the replacement of 
limestone by coarse-grained dolomite, but also that of the dolomite 

" See Van Tuyl, F. M., The origin of dolomite: Iowa Geol. Survey, vol. 21S, pp. 
251-422, 191 G. 
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by jasperoid chert. These outlines are preserved in the final state 
by a fine granular stippling of some highly birefringent material, 
resembling dolomite, in the chert. 

In the recrystallization to dolomite the argillaceous matter in the 
ori()"inal limestone is segregated interstitially, and where it is abun­
dant, it appears as a pale bluish or greenish matrix to the dolomite 
crystals. The same material is segregated, apparently by solution, 
in cracks and small pockets and along bedding lines in limestone, 
so that its origin is in no way related to the process of dolomitiza­
tion. According to C. S . Ross, who examined specimen of the clay, 
the mineral represented is a member of the beidellite group contain­
ing little or no ferric iron. 

The finer-grained dolomites are more problematical. At Rush the 
ore-bearing bed, which ordinarily varies between limestone and 
medium to coarse dolomite but which is believed to have been origi­
nally deposited as limestone, contains, in the Capps and Red Cloud 
mine , len. es of very fine ()"rained dolomite. These are the only 
occurrences observed by the writer that indicate a replacement of 
limestone by the fine-grained dolomite. At stratigraphic levels 
above the mine level at Rush certain fine-grained to dense dark­
colored dolomites, sOIIIle of them only a foot or two thick, were found 
to extend over the whole district (a restricted, s e p. 197) and thus 
to be regular stratigraphic units. Their upper and lower boundaries 
are fairly shaq)ly defined. In the Harrison quadrangle dark­
colored fine-grained " magnesian limestones " were recognized as 
stratigraphic units at certain horizons in the Everton-for example, 
the needs limestone lentil and the limestone that was erroneously 
designated the 'Joachim lim tone" in the Harri on folio. Al­
thouD"h, except at the Capps and Red Cloud mines no clear-cut 
transition from these fine-grained magnesian lime tones and dolo­
mites into limestone has been noted in either the Harri on or the 
Yellvi lle quadrangle, still it seem probable that they have the same 
replacement origin as the coarser-grained types. They ho'Y every 
texturai gradation to the coarser dolomite. that have definitely re­
plac d lime tone, and they contain fo il r emains, uch a cryptozoans 
and casts of ostracodes, that are ordinarily characteristic of the 
lime tones, although of course there i no eviden e to prove that 
such fos ils could not have been formed in primary dolomite. In 
comparison to the coarser-grained types, the fine-grained dolomites 
how fewer vidences to prove that they have replaced lime tone but 

more evidences to show that they owe their origin to conditions 
that prevailed at the tiane of sedimentation. 

Whatever the origin of the different types of dolomite may have 
been , there is evidence to show that both fine- and coarse-grained 
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dolomite existed in the Everton before the transgression of the 
Missis ippian sea. A ba al breccia of the Boone ( 1i i sippian), 
exposed on the old Yellville- t. Joe road where it first enters the 
Water Creek drainage basin from the north, contains fragments of 
both types of dolomite a · well as of the normal Everton limestone. 

and in the E• rton occur both in the form of defini te beds, 
interstratified with the lime ton and lolomite , an l al o as sandy 
phases of what are otherwi e normal lim tones and dolomites. 
Between beds of pure sand tone on the one hand and calcareous 
beds with only a few catter d grains of and on the other, there are 
all o-radations. Except for a ten den y to\var l secondary enlaro-e­
ment in the purer and more porou . ands the and o-rai11s have the 
same chara ter , reo·ardlc of the proportion · in which they may 
occur in the beds. 

Within the Yellville quadrangle indiYidual bed of Everton and-
tone do not attain the thiclme an l promin nee that they show in 

regions both to the ea t an l to the we t. A maximum thiclmess of 
20 feet i shown by a ·and. ton on tb left ide of Cl ar Creek, a 
short distance below the mouth of Kings Branch. What is probably 
the arne sand tone i well expo eel at variou. place along Clear 
Creek between KinO' Branch and ome locality several mile above 
E verton, al o on the point between lear an l Hampton reeks on 
the northern part of the riclo-e between Hampton and Grea y r k , 
and along Crooked reek n ar the west edge of the quadrangle. 
At these places the anclstone lies near or at the top of the truncated 
Everton ection. Details of its eli tribution wer not worked out, 
owing to confusion with the t. Peter at the time the re~Yion wa 
mapped, and to the fact that the bed thil1 ea tward and southward, 
lo in()' its identity among other imilar but thinner andstone layer 
in the Everton. Thi andstone member of the Everton i here 
named the "Newton sand tone" from its prominence in n rthern 
Newton County. In the Yellville quadra'i1gle its ba e is e timat d to 
lie between 160 and 200 feet above the ba e of the Everton. 

In addition to the Newton ·andstone, the Everton contain many 
thinner one , from le . than a foot up to 10 feet in thickne . These 
sand tones are otherwi e similar to the ewton but have not been 
traced from one section to another and presumably do not have the 
horizontal extent hown by it. 

The sand tones of the Everton consist of relatively pure quartz 
and, generally friable but in places with siliceou concretions. 

Locally they are completely ilicified to quartzite. This is e pecially 
true in the neighborhood of ore deposits or along fault . The sand is 
locally coarse-gramed but is u ually medium to rather fine grained. 
The individual grains are well rounded except where they have been 
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enlarged by secondary crystallization. The olor of the sand tones 
ranges from white to buff, or to gray in ome of the ilicified pha e ; 
where they are limy or lolomitic hey are g ray or fi e h-color ed. 

The E verton and ton are horizontally bedd d or cro s-bedded 
on a, low angle. They tend to weather with a fluted surface in con­
trast to the mor ma ive cliff produced on the t. P eter. Many of 
the bedding urfaces are ripple-marked. 

Mo t of the andstones overlie limestones or dolomites conform­
ably but the Newton andstone, e pecially in the H arri on and 
E ur ka prings quadrangle , ho•v · a pronoun ced ero ion un on­
formity at its ba ·e. The line of contact i Yery irregular but does 
not o cilla te over a v ry g reat stratigraphi interval, 20 feet being 
the maximum noted , and thi alonu 100 feet of outcrop. The con­
ta ·t commonly cut 5 to feet of the underlyinO' bed in a horizontal 
distance of 10 feet or o before the direction of slope i 1· ver d . 
The andstone may }:tend clown in the lime tone in the form of a 
channel, or t h lime tone may extend up into the and tone in the 
form of a teep-sided hillock. Thi type of unconformity was ap­
I arently produced by elut ion of the lim ston e a ·hort time prior to 
the depo ition of the a.nd tone. It i identical with the type of 
unconformity ho>Yn at the base of the t. P eter of th e Rush 
di t rict. 

hal i " ry ubordinate within the Ev rton. A 6-inch b ] of 
O't' eni. h ·hale li e 5% f eet below th b e of the t . P eter and-
ton at th e Big Hurricane mine. A thi particular hale i · fo sili­

f rou , it r pr sents prima ry chmentation. At a few o h r places, 
al o. bed of O'r eni h -blue shale 3 or 4 feet thi k are un loubtedly 
original ediment. . In many of the mines of the di tri ·t O'reenish 
shal am ar pr ent, but they ut a ro the becldin ()' lines and 
ar thu · of ·econdary origin , eith r produced in place by the olu­
tion of the lim tone or dolomite r el e mplaced by tran portation 
of material a hort eli tan to it pre. ent po ition. 

Th ba al bed of the Ev r ton i unique wherev r it i d veloped 
but i comm nly inconspicuous. It i 4 feet in maximum thiclme s 
and i 0' nerally a dark-colored dolomitic and tone or a more or 
le . andy fine-grained gray dolomite ont.<tining· rather I arin()'ly 
catt red chip of angular gray to whiti h chert and al o (but m.uch 

les commonly) angular fragment of ' cotton ro k ' deriv c1 from 
the underlyina Powell. The breccia fraO'ment are generally limited 
to the ]o,Yer 1 foot. Tho e of ch-ert average one-eiuhth to one-half 
inch and ra rely exceed au inch in ize, bnt the Powell fraO'ment may 
reach 3 or 4 in hes. This ba al brec ia i de cribed in the Harri on­
Eureka prings folio and was ob ned through the Yell ville quad­
ranO'le and as far ea t as the vicinity of Violet Hill, in Izard ounty. 
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Where the basal bed of the Everton i only lightly ·andy, it may 
be hard to di tingui h from the underlying Powell, and unless the 
chert fracrments can be fou nd, the ba e of the Everton may be im­
possible to locate. Generally, how ver , th E1·erton : ho''' either 
a limestone or a medium- to coar e-grained dolomite within its lower 
10 feet, so that the contact can be placed within a few feet. The top 
foot of the Powell i fr quently found to contain nodular gray or 
greenish chert that i apparently related to the unconformity. 

REGIO N AL VARIATIONS I ' OHA.RACTER 

The foregoing discu ion of the Everton formation applies essen­
tially to its occurrence within the Yellville quadrangle. Con idered 
r egionally, the extreme Yariability in the EYerton lithology o com­
plicates the tratiaraphy of northern Arkansa t ha much diffi ulty 
has been experienced in '"orking out the relation be "'een the rocks 
in different area . Nor ha,·e all the problem presented by the 
formation yet been _ati fa torily olved. In rea , in the relative 
amount of fine-grain d dolomite ea tward toward harp Cou nty, 
accompanied by decrea e in the relatiYe am unt of lime tone, and­
stone, and coar e-grained dolomite, U

0 
aests a litholoO'iC g radation 

to the Smithville an l Black Rock formation which according to 
Ulrich, is directly oppo eel by the paleontoloaic eYidence. Anoth r 
source of confu ion i the developm nt within the E 1·erton hie fly 
out ·ide of the Yell ville quadrangle, of t hick accharoi lal sand tone 
member that ar incli tinaui habl from one another and f rom 
some phase of the onrlying t . P eter. Th e and ton lie at 
different horizon and are not co xten iYe areally, either with one 
another or with the St. P eter . 

.A. sandstone member of the Ever ton 40 f et in maximum thi kne s, 
called the " King RiYer sandstone", wa de cribcd by Purdue and 
Miser. 8

G This sandstone lies at the bas of the Everton at most 
places in the Eureka Springs quadranO'le, but in the southern I art of 
the Harrison quadrangle it is underlain by a much a 50 f et of a 
dark magnesian lime tone called the Sneed · limestone lentil. The 
Kings River sandstone has so thinned as to be indistinO'ui hable in 
the Yell ville quadrangle . 

.A similar and tone, called the " Calico Rock ·and tone" on the 
Arkansas State geologic map, occurs in the Everton ea t f the 
Yellville quadrangle.36 Its thicknes , according to Gile ·, ranges 
from a lmife-edge to 150 feet. Examination by the writer in the 
vicinity of Norfork sho''" its base to lie about 150 feet above th e 

.. Purdue, A. H., nnd Miser, H. D. , U. ·. Geol. Survey Gcol. Atla . Em·ekn prlogs­
Harrisoo follo (no. 202 ) , pp. 5-6, l 916 . 

30 Sec a lso Glles, A. W .. St. Peter aod older Ordovician nncls tonc of northern 
Arkansas: Arknnsa: Geol. Su rvey Bull. 4, 1930. 
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base .of th e Everton . The Calico Rock andstone xtend westward 
towarJ the Yell ville quadrangle but thin rapidly and is indi tin­
gui hable at the quadrangle boundary. 

A third prominent sandstone in the Everton , from a knife-edge to 
150 feet thick, i mapped in the Eureka Spring and Harrison quad­
rangle a St. P eter. 87 It was formerly supposed that this s.andstone 
was correlative with the t. P eter of the Rush mining district, in the 
Yellville quadran gle, but when the latter sand tone is traced west­
ward to th Harri ·on quadranO'le in the ' icinitie of Yardelle and 
Ha ty, it i found to overlie the and tone mapped as St. P eter in 
that region by about 150 feet. It i a rather peculiar coincidence 
that both of the e andstones hould thin out, the lower to the east 
and the upper to the w t , in a relatively narrow, poorly exposed 
and inacce ible trip along the boundary lin between the two quad­
rang! s. The Joachim and (in the opin ion of the writer) Ja per 
formation~ , a. mapped in the Han·i on quadranrrle, occupy the 
interval between the two overlappin o- sand tones. The wt·iter pro­
pose the term " Kewton and tone member of the E,· rton" for the 
lo"·er . and tone. Thi and was onfu eel with he t . P eter of the 
Rush eli trict by Br,tnner/ 8 who r ccorrnized only on 'saccharoidal 
sand tone ' in the lead-zinc r eo-ion. Th nccharoidal and tone of 
the Ponca m.inin rr d.i trict .is the J ewton . and tone. 

The b 1 that were mapp d a · Joachim lime ton in the Harrison 
quadra.ngl ar ·las eel a p<trt of the EYer ton in t he pre ent report. 
The Ja p r lime tone. becau e of it eli tinctiv fauna, is retained 
a a parate form ation but with the fe lino- that more detailed 
work will p robably ·ho'" that it hould be con ide r d a member of 
the Ev rton. 

UTCROP 

The Everton cror · out typically in a ~ene of di continuous 
drres, of variabl thiclrne ually th ·ofter b d do not crop 

out unle th y ar held up by hard r le lge . Alono- many of the 
mor a tively erodinO' t rea m t he ordinarii · ·teep outcrop of the 
Everton may be broken by bluff of Yarinble height and extent. 
Thi i p ially true on th out id of t ream bend ·. The thicker 
ancLtone member t nd to form bluffs. at lea t along drainage lines. 

FO SILS .\ ND AGE 

Although the Everton i not a.n e pecially fo iliferous forma­
tion, or()'ani remain are by no mean rare in it. They are scat­
t red from the top to th bottom but occur only in certain beds sepa-

"l'urd u , A. 11., and 1\li r , IT. D., op. cit. 
""B rnn i)CI' , J . .. Zinc and len d r gion of north Arknnsa : .\1·kansn Geol. Su rvey Ann. 

n pt . fo r 1 02, vol. 5, 1900. 
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rated by barren zones. The mo t haracteri tic r mains are 
several pecie · of o tracod which commonly are the only forms 
represented in ertain bed , but CYa tropods and uncoiled ephalopods 
are fairly common · trilobite , pelecypod , and bryozoan are occa­
sionally found. A 6-inch shale bed, lying 5 feet below the ba e of the 
St. Peter at the Big Hurricane mine, ha · a few mall brachiopod 
(Ling~tla) . 

On the bas i of fo sil collected in the course of the field work for 
the Eureka Spring -Harrison folio , Purdue and 1iser 39 tate 
that the Everton 1s Lo,Yer Or 1ovician1 of post-Be kmantown and 
pre-Chazy age. 

STllATIGUAPHIC UELATIONS 

'The Everton overlie the Powell unconformably, havinCY a basal 
breccia. The surface of unconformity i very even, and only rarely 
is there evidence of truncation of the Powell. Over mo t of the Yell­
ville quadrangle the P o,vell maintains a fairly uniform thickne s, 
but bet,veen hort 1ountain and Elixir pring · it d crea es by 50 or 
60 feet. A it i overlain by the Everton in this int rval, the decrease 
is probably due to ero ion before the basal bed of Everton was laid 
down. t one locality on Grea y reek the basal . and of the· Ever­
ton, with its characteri tic chert fragments, was obser ved to de cend 
for a foot or more into rack in the underlying P well. 

The Everton in the Yellville quadrangle is overlain unconform-
3bly by the t . P eter and tone or by the basal sand ton m mber 
()r St. J oe member of the Boone. The contact with the St. P eter, 
which i the next overlying formation in the normal section, i an 
€rosion unconformity identical in character with the one that occurs 
at the ba e of the Newton sandstone. \Vhere the ba al andstone of 
the Boone overlies sandstone in the Everton, the exact contact be­
tween the two formations may be very difficult to place, owing to 
the similarity of the two sandstone types.-

In the outheastern part of the Harrison quadranCYle the Everton 
is overlain by the J a per limestone. 40 The relation between the two 
formations is taken up in the discussion of the J asper ( p . 41). 

JASPER LIMESTONE 

The J a per limestone was originally named and described from its 
occurrence in the southern part of the H arrison quadrangle chiefly 
in and east of the valley of Little Buffalo Fork below JasperY Its 
maximum thickness is 50 feet. Lithologically, it is indistinguishable 
from denser phases of the Everton limestone; and interbedded sand-

•• Purdue, A. II., and Miser, H. D., op. cit., p. 6. 
•o Idem, p. '£be upper Everton in t bls work is ca lled " Joacllim limestone." 
a Idem, p. . 
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stones and andy limestones are an added :feature o:£ imilarity. 
The stratigraphic position o:£ the Jasper is above what were thought 
to be the Joachim limestone and t. Peter sandstone, but work in 
the Yellville quadrangle has sho\>n that the so-called ' St. P ter" 
and the so-called ' Joachim " o:£ the Eureka Springs-Harrison :folio 
are part o:£ the Everton, lying below the true t. Peter. In the 
opinion o:£ the 'niter the J a per limestone also occupies thi same 
position. However, the true St. Peter sandstone has not yet been 
:found overlying limestone that contains the distinctive J a per :fauna, 
although a detailed study o:£ the r egion between Pindall, Yardelle, 
Carver, and Mount H er ey ha not been made with this point in 
mind. The J a per lime tone i mapped to a point within 2 miles o:£ 
the Yell ville quadrangle, but only the underlying dolomitic phase o:£ 
the Everton (or so-called Joachim ') is mapped at the boundary 
line. In the southwe t corner o:£ the Yellville quadrangle lime tone 
bed that are lithologically identical with the J asper are interstra.ti­
fied locally with andstone, dolomitic sand tone, and dolomite near 
the top of the interval between thin representatives o:£ the t. Peter 
and Newton sand tones. The evi lence is not complete, but it suagests 
that the Jasper limestone interfinger with the dolomitic :facies in 
the upper part of the Everton and should be con idered a member 
of the Everton. It ems ignificant in thi re pe t that the thick­
ne e o:£ the o-called " Joachim ' and J a per lim ton , a aiven 
in the Eureka pring -Harri on :folio, amount to 145 :feet, which is 
approximately the inter al between the ewton and St. Peter 
sand tones. 

At Pindall, in the Yellville quadrangle, the Ja per limestone with 
its distinctive :fauna is well expo ed but i overlain by the basal 
sandstone o:£ the Boone. Accordino· to the interpretation o:£ the 
writer the t . Peter sand tone wa removed from above the Jasper 
at and north o:£ this locality by the reo-ional truncation be:fore the 
Boone was laid down. 

The Ja per fauna i characterized by distinctive pecie o:£ o tra­
code and coil d cephalopod . In addition there are ga tropods, 
pelecypod , trilobite , worm boring , and :fo il algae. Pur lue and 
Mi r 1 2 tate, on the authority o:£ lrich, that the :formation i almost 
certainly old r than Plattin and probably r lated in age to the Ever­
ton, t . Peter , and Joachim. 

'I he J a per limestone i overlain at one place in the Harrison 
quadrano-le by the Fernvale lime tone, probably with uncon:formity. 
Elsewhere the ba al member o:£ the Boone i the next overlying unit. 

"'Idem, p. 8. 
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ST. PETER SANDSTONE 

NA~fE 

The t. P ter . and t n · wa name 1 b:'' O"·en •s in 1 4:7, from it 
occurrence alono: the t. Peter RiY r (no"· the Minne. ota) in Minne­
·ota. The formation in Arkan ·a wa · ca llcc1 t l e ' a<: ha roidal and­
tone" in Brann r' report; the am ter m ' ..as ar plie l in .t: ewton 

County to the Newton and,tone of thi. report, a Brann€' r ,..,.a not 
aware of the existence of more than one un lston . In th Adam 
report the term t K e) and ton " cov r d . in cliff r nt areas, the 

t . Peter e'vton and ylamore and tone._, under the mi taken 
a surnption that only one an lstone wa rq)l'e. ent d. In 190~ 
U lrich 44 tated that the tKc. .·and. tone at its typ lo ality (in 
Benton ( ounty) i · ylamor an 1 u ·ed the term ' t . Pet r' in 
referring to the Ordovician ·nccharoidal and tone. 

DISTRIBUTIO ' 

The St. Pet r is expo · d only in th so ut hern third of the Yellvi lle 
quadran le, being ut ont to the north by the unc nfonnity at the 
ba e of the Mi i ippian . It northern limit i clo. to the drainacrc 
divide between the Buffalo I iver and 'rooked Cr ek. \Vc ward 
along the outh edge of the qua 1rano-le the formation thin. and 
changes in ·haracter unti l it finally disappears ncar the boundar 
between the Yellville and Harri. on quadrangl Pr bably thi 
eli appearance i due a much to nondepo ition a to ro ion b fore 
the deposition of later bed . 

THICKNESS 

The thiclme of the fo rmation within the Yellville qua<.lrano-le 
varies from 136 feet to the vanishing point; the maximum wa 
measured on the point we-t of the mouth of e lar reck, a . mall 
tributary that empties into the Buffalo R iver about 3 mile e st of 
Rush. H ere the St. P eter is overlain by the Joachim dolomite. 
Owing to pronounced unconformities at the ba es of the Plattin 
(Ordovician) and St. Joe (Mississippian), the thiclmess of the t . 
Peter is subject to abrupt variations within short distance , o tha 
there is small point in quoting thiclmesse for different region ·. 
For example, at the Silver Hollow mine, which lies 11/2 miles from 
the Cedar Creek locality, the St. P eter is only 40 feet thick. It i 
here overlain directly by the St. Joe. Near the R ed Cloud min , 
at Rush, approximately the same thickness is capped by the Plattin. 
Two miles above the mouth of Water Creek, on the right side, the 

•• Owen, D. D., Prellmlnary report of the geological survey of Wisconsin and Iowa : 
80th Cong., 1st seas. , S. Ex. Doc. 2, p. 169, 1847 . 

.. Ulrich, El. 0 ., and Adams, G. I. , U.S. Geol. Survey Geol. Atlas, Fayettcviil c folio 
(no. 119), p. S, 19011. 
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St. Peter is 0 fe t thick, OYerlain by th e Plattin. .A.lono- haddock 
Branch in the outhwe. t corner of the Yellville quadrano-le the 
formation i only 1 feet thick, overlain by the Plattin. Ea t of the 
Yellville quadrangle, on the other hand, the thickness increases con ­
sid rably over the 136 feet recorded at Cedar Creek. As the locality 
at Cedar re k is the onl place ob erved in the Yellville quadrangle 
where the Joachim, conformable on the St. Peter, i pr erved, the 
thickn of the t. Peter here -is somewhat more significant than it 
is el. ewhert in the quadrangle in that it repre ents the true Oi'iginal 
thich.'lle of the and tone. El ewhere an unknown thiclrne has 
been r moved from it top by ero ion prior to deposition of the 
Plattin or of the t. Joe. 

CHARACTER 

The St. Peter, throughout the southea tern part of the quadrangle, 
and typically in the Ru. h di trict, is livisible into three lithologic 
units. The lo" est member is a mas ·ive cliff-fvrming and tone, from 
30 to 50 feet thick, and i. commonly the only part 'Of the formation 
expo d. ( ee pl _ 6, A, and 7, B.) It i generally pale buff to 
whiti h but grade in places to a deeper buff. The and grains are 
medium to fine grained, are fairly well rounded, and are probably, 
in the umveathered rock, emented by calcite, though nea r the 
w athered ur:face the ementing material may be leached out, leav­
incr a friable and. Thi member, in the Cedar reek section, is 43 
f et thick. 

Th mi ldl member com] ri e oft and bone, clark bro,....-ni h-gray 
fin -grained dolomite and thin -bedded crre ni h to blui h shale. The 
, anclstone, "-hich n ake up mo t of the member, is con1.po eel of w 11-
round d m dium to fine quartz crrain and i e pecially charader­
iz d by the c1 velopment of m:>r or les greeni. h to blui h clay, 
which may form the matrix for the and grain or may appea.r as 
. mall ftc k in the andstone. The outcrops are commonly colored 
by thi · material. Ex ept wher the cla i e pecially abundant, 
the ·andston i a.l o very limy. The inter titial lime tends to ·eo-re­
gate inb:> definite cr) talline o-rowth , o that rath er large cleavage 
fa of calcite show when the rock i broken. In ome cction 
the and tone contain mall ·eo-regated bo lie of limonite, altered 
-from pyrite. The dolomite i massive, u ually 3 to feet thi k, 
and i. m re or le muddy and andy gra.clincr into the andstone. 
It is c ·pecially characterized by ramifying veinlets and irregular 
·ecrregat d masses of colorles · calcite. Owing to it lack of re­
. ·i tance to weathering, its expo ed surface is everywhere rounded 
and generally worn down to the l vel of the urface that . urrourids 
it. The shale is not invariably present and is nowh r m::>re than 
1 or 2 feet thick. The dolomite and shale are tratifi d at different 

61H71- 35-4 
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levels in th andstone, and although in the southen t rn part of 
the quadrangl only one bed of each has been observed in any gi~en 
section, there i no apparent oon tan y in their actual or r latlve 
position in the rniddle member of the t. P eter. The hale n ually 
lies somewher above the dolomite but in a f 'v place lie below it. 

The middle member of the t. Peter i · rar ly expo d except in 
the bed of mall rivulets that may cr it. Ordinarily its pr en e 
is indicated by a soil-covered interval, a · much a 40 or 50 feet in 
thi.clme s, between the expo ed and tone ledge below and ei.th r the 
upper member of the t. Peter sand tone or the Plattin or t. Joe 
limestone above. In the Cedar Creek se tion the middle memb r of 
the St. Peter is 49 feet thick, but only the upper 6 feet ( andstone) 
and a 3-foot zone (dolomite) , 5 feet above the ba e, are xpo eel. 
Owing to the fact that the oft an 1 tone of the mid Ue t. Peter 
grades imperceptibly into the omewhat more r i tant and tone 
of the upper t. Peter, the thi.cknes of the middle member i very 
poorly defined. One of the common pring horizon of the r gion 
is at it level. This i probably to b explained by the impervious 
nature of the haly material that it contain , which impede the 
downward-percolating water and force it to ·eek a lateral e cape. 

The upper member of the St. P eter i · much like the lower member 
except tha.t it does not have a ·harply defined ba e. 'l'h foot of 
the cliff produced on it in con equence exhibit a sca lloped profile. 
In the Cedar Creek section this member reache a maximum thick­
ness of 44 feet. 

Owing to unconformities at the ba e of the Plattin and e pecially 
at the base of the t. Joe, the upper St. P eter ha a rather potty 
distribution in the quadrangle. The middle t. P eter, becau e it 
lies omewha.t lower in the section, i omewhat more widely di trib­
uted, but over muc~ of the area in which the t . Peter has been 
mapped even the middle member has been cut out. 

All the sand of the St. Peter are alike in being compo ed of 
medium to rather fine quartz grain that are fairly well rounded. 
The bedding is horizontal and mas ive but may show more or less 
horizontal fluting where the formation crop out in a cliff. Cross­
bedding is not common, and where noted here and there in the upper 
or lower member it occur in fairly thin beds (1 to 2 feet), at a low 
angle, and obliquely truncated by the bedding plane below. Ripple 
marks are rarely observed. The bedding of the St. P eter, the pecu­
liar lithology of the middle member, and the presence of worm 
borings (p. 46) tend to confirm the idea that the formation is of 
marine originY 

"'Dakc, C. L., 'J'he problem of the St. Pet r sa nd tone: Micsour! Univ. School of 
Mines and i\letnJiurgy Bull., 'l'ech. se t·., vol. 6, no. 1, pp. 210-216, 1921. 
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Certain peculiar pipelike form , imilar to a type found in the 
King River and tone and in the N wton and tone of the Harrison 
quadrangle,46 were noted in the lower t . P eter of the Ru h di trict. 
Only the upper ends of uch pipe were expo ed in isolated occur­
l·ences on the top urface of the ledge. They how as concentric 
rino-s that may be lightly elliptic, the laro-e t noted being about 6 
feet in diameter. In the sand tone of the Harri on and Eureka 
Springs quadrano-le they rano-e from 2% inche to 150 feet . ome 
of them were observed to pa s into lin1e tone caves in the Everton 
r Powell below, and their origin wa a cribed to ttling after par­

tial olidification, into the underlying caves which probably formed 
after depo ition of the and tone. none of the e pipes were ob­
erved in longitudinal ection in the Yellville quadrangle, little 
·an be added to the discus ion of their origin. 

The lower and middle members of the St. P ter can be traced ''"est­
ward at least as far as the o-eneral vicinity of t. Joe and th h ad­
water of Tomahawk Creek, north of t. J oe. The upper t. P eter 
would pre umably be pre ent if it had not been cut. out by the ero ion 
repr en ted in one or more unconformi tie . From t. Joe we tw·a.rd 
the character of the formation changes by the thinning and final 
eli appearance of the lower m mber. Outcrop are too fe,,· and too 
poor bebYeen St. Jo and Shaddock Branch to dete rmine whether 
th e re ·ult i ac ompli h d by a tratigra phic ov rla p f the middle 
memb r b ) ond the limit of de] osi t~on of th lower or by the 
lateral o-radati on of th l wer memb r into the li tholoo-y of the mid­
ell member. But to on who ha traced the t . P eter westward from 
th Ru h eli tri t the chano-e it elf i lear. t the Bio- Hmricane 
mine on the b undary b tween Tewton and earcy Counti the 
low r m mb r form a 20-foo ledg and i overlain by 22 feet of 
t pi al middl t. P eter includin o- the andston , dolomit , and 
hale typ , and then by Plattin. On the head of haddock Branch 

the ompl t t. P eter i 32 feet thick and i compo eel entirely of 
alternatinO' oft white and drab to g r ni h limy and tone dark­
browni h dolomite and o-reeni h-blue hale litholoo-ic ty1 that are 
characteri tic of th middle t. P eter to the ea t. The anclstone on­
tain. more cal areou ledg that are ,·vhiti h g ray, and drab . The 
cl lomite in tead f b ino- confined to a irwle bed within the ancl­
st n , i eli tributed through the interval in thre epara.te bed , the 
thi ke t 4ljz f et thick. The hale eam lie near the top of the ec­
tion, above the dolomite , but i not persi tent. The t. P eter is here 
overlain by only a foot or two of Plattin, then by t . J o . A short 
di tance clown haddo k Branch only 18 feet of St. P eter remains, 
ov rlain by 8 f et of Plattin, then St. Joe. A little over a mile south-

.. P urdue, A. H., nnd Miser, H. D., op. cit., p. 7. 
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we t of the haddock Branch locnlit i · th 
the Everton. 

t. J o rest · di r >ctly on 

Similar lithologic O'raclation and thinning of the t. P eter i ex­
hibited in the Moun t H er ey reo·ion a,ncl we. tward. lthot!O'h its 
final di appearance i un doubtedly clu to th er ion marke l by one 
or both of the unconformitie at the ba e of the I Ia ttin and t. Joe, 
it eems probable that the westwar l chan()' in the litholoO'ic fa i of 
the t . Peter wa accompanied by a primary thinn1n0' that makes 
the actual amount of trun ation b) thi ero ion mewhat l · than 
it '"'ould at fir t seem to be. 

FOS ILS, CORllELATlO:", .1\.:"ll AGE 

The only eYidence of organic lif f und by the writer in the t. 
P eter i the pr ence of worm boring~ (?) ob_ened on the ·outh ide 
of the rid()'e wet of Moun Hersey and in reen I-Ia"· H ollo" ·, near 
Maumee. The tubes ranO'e from ha.l:f an inch to 1 inch in diameter, 
are perhap · 5 or 6 inche long, and haY indication· f ro r arti­
tions and of a lightly exc ntri lonO'itudinal cord imilar to the 
iphuncle in a traight cephalopod. The and tone in both localiti 

i of the middle t. P eter typ but wa not ob"etT cl in plac in 
Green Haw Hollow. 

A · the t. P ter of th e Yellvill quadrnn p:le cannot be CO lT lated 
directly w:th th r.t of the upper. Ii · i ·sippi \all yon fo il c\·id nc , 
a tual tracing f the formation mu t be relied upon. Th out rop 
can b traced ontinuou ly between the Y llvill quadranO'le and the 
outhwe t corner of Lawr nee ounty bu bet,•ecn that point and 

Cape Girardeau Mo. , a di -tance of 130 mile., it i either buried 
b neath the diment of the Coa tal Plain or removed by ro ion. 
The lithologic character and quence on the t"·o ides of thi O'ap, 
however, indicate that the t. P eter in Lawrence County is the arne 
a · that at Cape Girardeau. A cross Missouri and Iowa it has been 
traced partly along the outcrop and partly by mean of well logs, 
to the type locality along the lower cour e of he Minne ota. River in 
Minne ota. The and tone i. Lower OrdoYician, lyinO' at what is 
con ider d by ·om g ologists to be a tratigraphic horizon between 
th Beekmantown and hazy . 

. "nl.ATIGllJ\P D I ' ReT. ATION. 

The lower St. P eter how a pronounced ero ional unconformity 
at it · contact with the unclerl. ring E verton ( ee pl. 7) but although 
the line of contact may cut up and down rather abruptly over. everal 
fe t of the nnd rlying b cls, no angular eli cor·dance b tween the 
bed din()' of th two formation ha been noted within the Yell ville 
quadrangle . Thi · un onformitv i i lenti al in natur with that at 
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the ba e of the Ne\don and one. It i not believed to be of Yery 
!!Teat time ignifi ca nc . To the we t1 >vhere ·andstone of the middle 
St. Peter type r ts on the Everton th contact appear to be con­
formable. To th e ea t, in I zard ounty, the un onformity at the 
base of the t. P ter increa es greatly f rom outh to north , t rongly 
truncatin<Y the tmderlying Everton in that direction.•• 

Th t. P eter is overlain conformably by the J oachim at only one 
locality in the Yellville quadrangle on the right i le of the mouth 
of edar Creek. E l ewhere it is overlain un confo rmably by the 
Plattin or the St. Joe. The contact i. fairly e,·en, but there may be 
an ang ular divero-ence between the beddino- of the St. P eter and 
that of the overlyina lime tone, more pronounced where i!P lime-
tone is t . J oe than "' here it i Platti n. 

JOACHIM DOLOMITE 

The Joachim f ormation \\a . named by vVin low •I in 1 94 from 
expo ure alono- J oachim Creek, in J effer:-on · oun y, Mo. In the 
Branner and Adams reports it ''a included in the Izard lime tone, 
making up the lower part of that unit. T he term " Joachim " was 
first applied to the formation in Arkan a by lrich,• 0 in 1911. 

DISTRIBUTION A "D THIOK='ES 

The occurrence of the Joachim dolomite in the Yellville quadran ale 
is limited to a sinal outcrop about 100 feet long, on the point we t 
of the mouth of edar reek, 3 mile ea. t of Ru h. Its thiclmes,; in 
the section increa e from a thin e lrr to 13 feet within a horizomal 
distance of 60 feet, the truncation being du to the ero ion repre-
ented by the unconformity at the ba e of the Plattin. 

CIIAJUCTER 

The Joachim con i t of fin -grained. da rk <Tray dolomite more or 
le s sandy, and a ubordina te amount of fie h-colored to ()"ray dolo­
mitic and tone. The sand arain are medium to coar e and well 
rounded. The bedding i in mas ive layer from 1 to 2 fe t thick. 
On the w athcred urface th different bed form angular ledae , 
dark aray with the suo-gestion of a browni h tinO"e. 

"Giles, A. W., St. Peter and older Ordo,·icinn saud tone of northern Arl<ansa : 
Arl<nnsas Oeol. Sun·ey Bull. 4. p. 10. 1030. .\ cco rding to obse rvatlous or the writer 
the unconformity at the base of the St. Peter nndstone t run cates Everton stratn within 
l 35 fe t of tbe Calico Rock sandstone in outlyi ng hill northwest of Melbourne, but a t 
no place are the t. Peter a nd alico Rock sandstones belieYed to be In contact . 

.. Winslow, Arth ur, Lend and zinc deposits of i\1i sour!: Missouri GeoL Smvey, Yol . 
6, p . 331, 1804. 

'"Ulrlcb, E. 0 ., Revls lon of the Paleozoic ystems: Geol. oc. America BulL, vol. 22. 
p. 456, 1911. 
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STRATIOR.APBl RELATIO~ S 

The Joachim lie conformably on the t. Peter and i overlain 
unconformably by the Plattin. The edar re k locality i the only 
place in northern Arkan a where an ano-ular divero-en e has been 
ob rved bet"· en bed of the Joachim and Plattin although evi 1ence 
tha t uch a divergence exi ts el ewhere i found in the reo·i nal varia­
tion in the thickne s of the Joachim beneath the Plattin , from 20 
to 150 feet in the Bate vill di trict.50 Accordino- to Ulri h 61 the 
break betV~-een th Joachim and Plattin i · rer re ented in the N w 
York section by the hazy lime tone ,vJuch i about 2,000 feet thick. 

At several place in the Yellville qua lrano·le lolomiti c b c1 occu r­
ring at or near the ba e of the Plattin re cmble the Joa him, but 
gen rally they gra le laterally into lime tone of th Plattin type 
and have con equently been interprete 1 a examples of lolomitization 
of the Plattin. Where eYidcnce of uch rrradation to lime tone may 
be lackino-, this interpr ta ion is neY rthcle s borne out by compari­
son of the underlying St. P et r with i complete deYelopment in 
the Cedar reek ection, which u ually shO\\"S that a varying amount 
of its upper part i, mi inn- b neat! the dolomiti bed . A the 
Joachim, so far a known is eYerywhere conformable on th t. Peter, 
wherea the Plattin i unconformable on it the evidence i convinc­
ing that these dolomitic beds are ba a! Plattin and not Joachim . 

~~mDLE ORDOVICIAN ERIES 

PLATTIN LIME STONE 

The Plattin lime tone named by lrich 52 from Plattin reek 
in J effer on Cotmty Mo., was included in the t Izard lim . tone of 
the Branner and Adam reports, forming the upper part of that unit. 
The name Plattin wa fir t applied in Arkan as by Purdue and 
Mi ·er ,53 on the authority of r:ich. 

Dl TRll3UTIOK 

The Plattin in the Yellville quadrano-le occu rs only within the 
Buffalo River drainage basin, where it is everywhere underlain by 
the St. Peter , but its distribution i somewhat more re tricte l than 
that of the St. Peter in that it does not extend as far north. or 
is it continuous within the area bounded by its extreme limit , but, 
in a zone along its north border, it hows outlying remnants pr -

oo i'Jise•·. IT. D .. Deposit.· of mnngane>•e o1·e In the Bntcsville diRtrict. Ark.: U.S. G~ol. 

'u"" y Bull. 7:34, p. J 7. J. 2:! . 
•• Quoted by :\·!is r . tel m, p. J 9. 
"" !rich, E. 0 ., in Buckley, E . R ., and Bu bier, H . A., '!'be quanying indu stry or 

i'Ji s,.ouri : l\Ii sour! Bur. Geo logy a nd i'J!nes, 2d er ., >OI. 2, p . 111, 1004. 
"' Pnrduc, A. U. , and Miser, IJ. D., op. : i t., p. . 
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sen eel in mall ynclinal flexure beneath the unconformit at the 
ba e of the St. Jo . To the south and ea t, along the Buffalo River 
Canyon and outhea t of the river, it becomes more continuou but 
even here there are certain tructu ral high , a in the neighborhood 
of faumee and around the mouth of Kimball Creek, from 'vhich 
the Plattin has been eroded. orne of the e area wher the Plattin 

absent are 5 or 6 miles from the north limit of the formation. 

THI ' KXESS 

The hiclrnes of the Plattin is subject to abrupt variation '"i hin 
short eli tance , o~·ing to the unconformity at the base of the t. 
Joe. Le s abrupt but almo 't a great Yariation · are pro luced by 
the unconformity at the ba e of the Ferl1\·ale. The thi !me rang 
from a featheredge to 100 feet in the Yellville quadrangle but prob­
ably the average is from 20 to 60 feet. The formation thin irregu­
larly to the we t and finally die out along the border betwe n the 
Yellville and Harri~on quadrangles. 

The Plattin i made up dominantly of den e blue-gray lim tone 
but ha ome fine-graine 1 drab lime tone and ome fine to medium 
grained gray dolomite that i o-enerally darker than he normal lime­
stone. Local thin eam are an ly. At 60 feet above the ba e i a 
highly fo ilifcrou bed only a few f et thick, of fin e-grained rather 
dark o-ray lime ton but thi b d i usua.Uy cut out by un onform­
ity. A 1-foot bed of blue-gr n hale lying 35 to 40 feet aboYe the 
ba of the Plattin ' a noted n ar Gilbert ju t off the south edge 
of the Yellville quadrangle. H ere and there a little gray nodular 
chert ha b en l v loped in the limestone by r placement, e pecially 
at the Ycry top wh rc it is apparently relate 1 to the unconformity 
with th - ov rl ino- F rnvale or t . J oe. 

The t xturc of the normal blu -o-ray lim ton i as :ten e as that 
of a litho!Yraphic lime tone and inde l the P lattin ha b en onsid­
cred as a po iblc ource f r lithographic tone. Mot of i t, however, 
contains mall cry.tallinc eo-regation and Yeinlct of cal ite that 
de troy i value for thi purpo e. This len e lime tone is al o 
characterized by mall cube of limonite, p eudomorphic after py­
rit . Th y range from pinhead siz up to hrec- ixteenths inch 
or so in diameter, and commonly everal uch cubes are clu tered 
together. I n addition to the definitely cry talline material, half­
inch amorphou · blebs of limonite arc common . The beds of t lus 
pha e r ange from a f r action of an inch to 3 or ± feet in thiclmess. 

The drab lim tone ha a fine-oTained porcelaneous texture and 
is fu rther characterized by mall dark-colored dendri te , p roduced 
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by mangan e or iron. It contains n.morphou limonite bleb and 
streaks but no cube . Commonly it shows mall veinlets of clear 
calcite, and crystalline interstitial calcite face that reflect the light 
as a unit over a di tance of as much as an inch are v ry character­
istic. This type is ob erved only in the upper part of the ection 
though not neces arily at the very top. 

The dolomite may appear at almo t any horizon in the . e tion but 
is rather common at the base. It lie in poorly defined bed. that in 
places grade laterally into limestone. It i b lieved to hav been 
produced by replacement of the lime tone on the floor of th ea 
shortly after deposition. 

Sand that may occur in the lime tone i compo ed of rounded 
quartz grains of the type that is characteri tic of the Ordovi ian 
formations. 

OUT ROP 

The Plattin crop · out a a eries of rOUO"h steplike ledge , O'enerally 
in a fairly steep slope (pl. 7, A) . The limeston s form v ry light­
colored blue-gray ledges, in contra t to the dolomites, which are 
conspicuous, owing to their much darker gray color. 

FOSSILS AND .AGE 

A cursory examination of the dense lime tones of the Plattin O"i ves 
the impression that they are unfo iliferou , but when xamined 
carefully they are found to contain the remains of a small type of 
o tracode, though in nowhere near the abundance as in the Everton. 
The e forms are especially characteristic of the lower few feet. The 
bed GO feet above the base of the formation ha yielded s veral 
species, of which the following have been determined by E. 0. 
Ulrich: 

Bryozoa: 
E charopora cf. E. subrecta (U lrich) and E. ramosa ( !rich). 

Brachiopoda : 
Zygospira aff. Z. recurvirostris (Hall). 
Rafinesquioa atr. R. alternata (Emmons). 
Stropbomena, one of the many forms u ually referred to S. incur­

vata (Shepard). 
Small Camerella aff. C. panderi Billing . 

Trilobita: 
Illaenus sp. 
Bumastus sp. 

erau rus ·f. . plat t in nsis Forr~ t . 
crauru n. ~'Jl . 

Pt rygometopu. n. p.: occur in UP! e r :\I is. i. · ippi Vall ey hi c:h in 
Pia tteville limestone. 

The fauna of the Plattin, ther fore, to judge from these rather 
incomplete collections, consists of brachiopod , bryozoans, trilobites, 
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and ostracode . The Plattin is Middle Ordovician and corresponds 
to part of the Platteville of the Upper Mississippi Valley and to the 
Lowville of the New York section. 5 4 

STRATIGRAPHIC REJLATIO 'S 

The Plattin overlies the Joachim disconformably throucrhout the 
Batesville eli trict,66 but the stratigraphic break b come more pro­
nounced to the northwe t and in the Yellville quadrano-le the break 
has reached the proportions of an angular unconformity that ha 
e-verywhere, with one exception previously described, cut out the 
Joachim, so that the Plattin rests on the truncated surf11ce of the 
St. P eter sand tone. 

At one locality, 2 miles northea t of fount Her ey, the Plattin 
i overlain unconformably by a sandstone containing the fauna of 
the Kimmswick limestone. Elsewhere in the Yellville quadrangle 
it is overlain unconformably by the Fernvale limestone. Within the 
quadrangle the Plattin ranges in thickness from 100 to 15 feet be­
neath the Fernvale, but in the Harrison quadrangle it has been cut 
out completely, together with the St. Peter, so that the Fernvale 
rests on the J a per. Southeast of the Yell ville quadrangl , in the 
Batesville district, the thickness of the Plattin increases to 240 feet, 
and overlying thi is as much as 50 feet of Kimmswick b neath the 
unconformity at the base of the Fernvale. 

Wh re the Plattin is not overlain by Fern vale it is overlain uncon­
formably by the t. Jo member of the Boone limeston (Mi i -
sippian). 

KIMMSWICK LIMESTONE 

NAME 

The Kimm wick lime tone was named by lrich 50 from typical 
expo ures in the vicinity of Kimmswick, J effer on County, fo. 
Where present in Arkan as, it was included in the t. Clair marble 
of early reports of the Arkan a Geological urvey ,6 ' and in the I olk 
Bayou lime ton of William .58 The Branner and Adam r ports on 
the zinc-lead r gion u eel the above terms in the re pective order 
given but it i. doubtful wh ther the Kimmswick was in luded in 
either case, a the formation doe n t generally occur in the zinc-lead 

M U ll"ICb, E. .. QUO( cl in i\li ser . II. n .. ]) po· it· O[ mnngnlll'.'C ,. in the B a t e ville 
dl ~tr i ct . Ark. : . . co l. .' u rv~y Bu ll. 734, p. 19, 1!12 2. 

"" ~ll ser . IT D .. idem. p. 19. 
"' !ri ch. R 0 .. In Bu ckl ey, E. R .. a nd Buehler, Jl. A .. 'l'he qunrr.~in g Indus try of 

:ll !. so n1·1: Mi. sour! Bur. 0 ology and i\l ln s . 2cl ser., vol. 2, p. 111, 1904. 
"' Pcm·o. c, H . A. F ., Jr .. :llnng-n ne c. i t: us s , o rcs , and depos its : Arkansas Geol. 

'un• y Ann . Rcpt. t r J 90. \'Ol. 1, pp. 124- 128, 1 91. Hopkins, T . C. , Marbles and 
ot bcr llm stones : .\•·lm nsas ·eo l. ."un· y .\nn. Rcpt. Cor 1 90. vol. 4. pp. 212-2152, 1893. 

"" n ' illiams, U. .. '.rhc I'n lcoz ic fa una· of no•·tbcrn Arknnsns, in B ranner , J . C .. Tbe 
zin c and lead r egion of no rth Arkan: ns : Arknn us Geol. urvey Ann. Rcpt. for 1 90, 
VOl. 15, p, 283, 1900. 
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di trict. In 1911 Ulrich 59 correlated the lower part of the t Polk 
Bayou limestcne of the Batesville district with the lGmmsw!ck 
limestone of Missouri and extended the application of the name 
Kimmswick to Arkansas. 

DI TRIBUTION, THICK E. S, AND CHAR t\CTt;R 

The only locality in the Yellville quadrangle where trata r fer­
able to the Kimm wick limestone have be n found lie ab ut 2 miles 
northeast of Mount H ersey. Here, in the head of a hallow draw 
that is tributary eventually to Mill Branch, block of sand tone con­
taining an abundant Kinun wick fauna lie scatter d ov r a urface 
that is otherwise entirely covered with Boone chert d bri . There 
are no bedrock expo ures in the immediate vicinit . The clo est 
outcrop how, at the appropriate horizon, Plattin lime ton over­
lain by t. J oe limestone (Mi i ippian), so that the occurr nee of 
Kimmswick is extremely locali~ed in its extent. The ar a over which 
the float block are trewn is not more than 100 feet in diameter. The 
thickness of the formation i not kno,vn but mu t b mall. 

The sand tone is light gray, medium-grained, and porou . The 
quartz o-rain have been enlarrred by the addition of e ondary ilica, 
which has preserved ca ts of the fo il to the minutest detail, but the 
proce ha not been complete enough to prevent the and from 
crumpling unless it is handled v ry carefully. mall len e of light­
gray porous chert in the andstone probably repre ent limestone 
len e that have been silicified. 

The Kimmswick limestone i widely distributed throughout the 
Bates,·ille district, ranging in thickness from 12 to 5- f et.60 At one 
locality 1i er reports a basal limy sandstone which, on weatherino-, 
leaves a porous and imilar to the one expo ed ncar l\fount H er. y. 

FOSSIL AND AGE 

The sandstone near Mount H rsey contain, abun bnt fos ils, 
but a only a small collection was made by the writer for purpo. e of 
identification, and a certain conflicting element appear to be con­
tained in the fauna, it has been thought advisable to have a list of 
species await the collection of further material. The fauna contains 
brachiopods, cystids, and trilobites. The assignment of the age to 
the Kimmswick is made by both Kirk and Foerste,61 chiefly on the 
abundance of the cy tid E chinosphae1'ites, a wide- pread and charac­
teristic Kimm ·wick genu . Bridge 62 also recognizes c rtain other 

00 !rich , E. 0 ., Rev is ion or th Paleozoic systems : Geol. . oc. Am ri ca Bull., YO!. 2:!, 
pl. 27, 1911. 

00 Mi er, H. D., Deposits or rrrangane. e ore in the Batesville district, Ark.: U.S. 
Geol. urvey Bull. 734, pp. 19-20, pl. 1, 1922. 

61 Kirk, Edwin, and Foerste, August, ot·al communications . 
.. Bridge, Josinb, personal comrnun!cntion. 
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forms that occur el ewhere in the uppermo t bed of the Kimm wick. 
Ulrich , on the other hand, placing more weight on the brachiopod 
fauna, classes the sandstone as of Richmond (Fernvale) age. 

The Kimmswick is of Middle Ordovician age and i correlated by 
U lrich as with the uppermo t 131ack River of the type rew York 
section. 

STRATIORAPHI C RELAT IOiS" 

The Kimm wick sand tone le cribecl in thi. re1 ort ov rlie the 
P lattin limestone, and although th e contact is not expo eel, it is un­
doubtedly an unconformity. The IGmm wick is unconformable on 
the Plattin in the Batesville el i. trict 64 an<l unconformable on the 
Decorah or P lattin on the east flank of the Ozark dome.66 The for­
mation overlying the sand ton near 1ount H er ey may be the F ern­
vale but i more probably the t. ,Joe lime tone memb r of the Boone 
(Mississippian). In either case the contact is one of unconformity. 

PPER ORDOVICIA SERlE 

FERNVALE LIMESTONE 

N A~! E 

Hayes and lrich 66 name l the F ern vale fo rmation in Hl03, the 
type locality being near the to·wn of F ernvale, in we t- entral Ten­
ne The formation wa called th ' t . lair marble by Bran­
n r in hi report on the lead and zinc depo i of northern Arkan a , 
but William ,67 in th sam volume restricted the t rm ' t. la ir' 
to th e upp r part of the t. lair a r cognized by Branner ancl 
propo eel he name t" P olk Bayou lime tone" for the lower part. 
In the Adams r port th F ernval lime one wa ca lled t' P olk 
Bayou ljm tone." In 1911 lrich 68 I ointed out that the tP olk 
Bayou wa parable into two fo rmation , the FernYale (above) 
and Kimm wick, that were alrca ly well known f rom different I art 
of Missouri, K entucky, and T em1 e ee . The Kim1n wick is repre­
sented at only a ingle locality in th Yellville quadrangle, o that 
the F emval , a here r co<miz d i e entia lly the a me a the P olk 
Bayou of the Adam report . 

., Ulri ch. E . 0., Rev i ·ion or the Paleozoic . y tems : Oeol. Soc. Ameri c:\ Bull.. vol. 22, 
pl. 27, 1011 ' 

61 MiR~ l' , U . D .. O]J . it., p . ~0. 

"" Weller , Stuart, and t. !a il·, tua t· t. 0 olof(Y of t. Gen vieve County, Mo.: 
Mi ssouri llur. eo logy a nd i\1ines, 2cl · r .. ,·ol. 22, pp. 113- 11 5, 102 . 

•• Hay s , . \Y., and Ulr ich . E. 0., U ... (; oL un·l' Y Geol. Atlas, Columbia folio 
(no. 05). p. 2, 1903. 

07 Williams, Il. .. 'rhe Palcowlc faun a of northern Arkun. as . In Branner . .J. ., 'l'h~ 
zinc nnd lend •·eglon of north Arkan as: Arkansas G ol. un •ey Ann. Rept . for 1 92, 
VOL 5, p, 2 3, 1900. 

08 ll·i ch, ill. 0 ., Revl ion of the Paleozoic systems: Geo l. . oc. Amc•·ica Bul l. , voL 22, pl. 
27, 1011. 
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DISTRIBU'l'IO:'il 

The Fernvale occurs along the whole length of the south side of 
the Yellville quadrangle. At the west end of this strip small i o­
lated exposures appear near the mouth of Shaddock Branch and 
on the point west of the mouth of Cane Branch, ea t of 1ount 
H ersey. Other outcrops occur on Mill Creek northwest of St. Joe, 
along the t. Joe fault west of St. Joe Mountain , and on the south 
·ide of Davy Crockett Mountain. East of Duff the out rop become 
more continuous and along Rocky and Little Roc! r ek and 
th north ide of Spring Creek they are unbroken for several mile . 
The formation extend northward along the ea t side of the quad­
rangle a far as the Rush di trict, but its outcrops are discontinu us 
and very spotty between pring reek and Rush. Like th St. 
Peter and Plattin the F ernvale has been cut out in the Yellville 
quadrangle along a northea t- outlw;· t line by the ero ion that pro­
luced the unconformity a.t th base of the Mississippian, whi h ac­
counts for its greate t thiclme and extent being toward the outh­
east comer of the quadrangle. Within the Harrison quadrangle 
only a single small outcrop of the Fern vale occurs, near Jasper, 
but outheast of the Yellville quadrangle, over most of th Bat -
ville district, the formation i continuous and has a considerably 
greater average thickness. 

THICK ' ESS 

The thiclmes in the Yellville quadrangle ranges from 50 feet to 
the nni bing point. The maximum was observed at several local­
iti s-along Rocky and Little R ocky Creeks, at the mouth of Rock 
Creek, at the junction of Panther and Little Panther Creek., at the 
"narrows " of Buffalo River 3 miles southeast of Rush (pl. , .A), 
and near the Red Cloud mine, at Rush. The outcrop on Shaddock 
Branch is 20 feet thick; that on Cane Branch is 6 feet. Probably 
the average maximum thickness of each outcrop throughout the dis­
trict is 10 to 30 feet, but variations may be very -abrupt, owing to 
the way in which remnants of the formation are preserved in syn­
clinal depre sions beneath the unconformity at the base of the St. 
Joe. The thickness of the outcrop near Jasper, in the Harrison 
quadrangle, is about 5 feet. 

CHARACTER 

The Fernvale is composed of massive coarsely crystalline li.me-
tone the u ual grain ize a' eraging one-sixteenth inch. The fresh 

fracture i.· very light crray or whiti h but nearly always with a light 
pinkish tinge. In much of the rock certain grains are more pinkish 
than other , but the brownish-red colors of the St. Joe are not de­
velop d. 13 i les the normal coarse-grained texture, the Fernvale 
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commonly sho~-s indefinite egregated bodies of fine-grained rrray 
limestone, a much as 3 or 4 in hes aero . mall patchc of rys­
talline calcite may also be develope L The bedding is coa r e and 
ome ection. appear to be made up of in a le ma ive units (pl. . A ) , 

but u ually beds from 4 to 10 feet t hick are di cernible. 

OUTCROP 

The Fernvale lime ton crop out characteri tically a a da rk­
colored, ma sive but generally di scontinuou ledge. It i · very fri­
able on the expo d urfa ce, and hence the ledrre o·encrally ~hO\Y 

rotmded corners. 
F OSSIL ' A ' !J AGE 

The F ernvale is one of the m :-t fo~~ iliferou . formation in the 
lead an d zin region. A v ry characteri tic form i a type of crinoid 
!,tem, th e indivi lual egments of which are hape l like mall barrel , 
one-q ua rter to three-eighth inch lona. nfortunat ly the e form 
t end to di sintegrate on the weathered ·udace, . o that they are not 
a valuable a th ey might be key fo il . Other type of orrranic 
remain con i t dominantly of bra hiopod , but the trilob itP- and 
b r) ozoan are al o well represented. From it abundant fauna the 
F ernvale i correlated with the Richmond of the Mis i ii pi Valley 
which i of late pper Ordovician ao·e. 

STRATIGRAI ' FliC REI .ATIONS 

The F rn vale i · un c nf rm able n the Plattin and po ibly al o 
on the Kinun wi ck at on lo ality. ( ee p. 53 .) 1 he Plat tin for­
mation rang bet ween 15 an d 100 fe t in thickne b neath the un­
conformity in the Yell ville quadranrrl and ha been completely 
r emoYed , torrethcr wi th the und rlyina t . P et r at the locality near 
J a p r in the Harri on qua dran rrl . T o ju lge f rom th E' much 
g reater thickne of the Plattin in th e Bate ville di>ltri \ t, togeth er 
with the con, ide rabl e thickne of OYerly inrr Kimm wick that ha 
been cut out in the Yellville qu a ]ranrrl , the unconformity at the 

ase of the F crnvale ap p ar to repr ent cro ion of con iderable 
magnitude. 

The l' ern vale in a few place i overlain by the Ca on shal , which 
come. next in the normal section . The contact i an unconformity : 
the Fernvale underlying the Cason is only 20 feet thick where the 
road that leads up Dry re k from Gilbert first descend the hill into 
the creek valley , while on Rocky reek, 4 miles to the east, the Fern­
vale i in places 50 fe t thick with no Cason present. A round the 
mouth of Tomahawk Creek along the Buffalo River outh of Toma­
hawk reek, and along parts of Rocky Creek the Fernvale is uncon-
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formabl) overlain by the t. Clair. At mo t localitie in the Yell­
ville quadrangle however, the Ferm·al is overlain unconformably 
Ly the t . Joe ( Mi issippian). 

CASON SHALE 

NA)JE 

The formation that carrie manO'ane e ore in the Batesville eli trict 
wa named the ' Ca on shale" from the a on tract, in that eli trict, 
by H. . \ iVilliams in 1894.60 In the Bram1 r report the name 
t · Eureka hale" ' as applie l to both the Chattanooga shale of the 
Eureka pring eli trict and the a on hale at the only locality 
where it wa seen in the Yelh-ille quaclrangle-nam ly, at t . Joe. 
In the Adam report the name " ylamore formation" included the 

a on hale, below, a ncl the ylamor ( ~) and tone at the ba e of 
the )Ii is ippian. abow. although rich, in the same volume (p. 
100), u eel th nam ·' Ca on hale" in refening to outcrops within 
the Yellville quadrangle. Purdue and Mi ·er in the Eureka 

pring -Harri on folio, differentiated the Ca on from the Chatta­
nooga shale and pre entecl fo , il eYiclenc to how that the Cason, 
as r epresented near J a per i the equivalent of the Ca on m the 
Bate ville eli trict. 

DI '!'RJBUTlOX AXIl THICK X ElSS 

The Ca on hale oc ·ur. at only a f ,..,. places in th outhern part 
of t.he Yell ville quadrangle. It i 4 feet thick at th cement quarry 
on Mill reek north"e t of t . J oe; 23 feet on Dry Creek, below 
Duff ; 6 feet where the road from t. Joe to Maumee cro e Toma­
hawk Cr elc 5 feet in th e head of one of the hollow northea t of 
Gilbert; anc115 feet on the ea t ide of Rocky Creek in T. 16 ., R. 
16 W . These localitie are the only ones where it has been identified 
and its horizontal ext nt i only a fraction of a mile in each locality. 
The ma.ximtun thiclme of 23 feet i found on the outh bank of 
Dry Creek below Duff, oppo ite the mouth f a well-developed 
tributary branch from the north . 

CHARACTt: R 

The Ca on consist essentially of black and blue-gray shale, the 
latter commonly weatherinO' blue-green or drab. The black shale 
in the different sections lies below the gray or green and ranO'es from 
2 to 6 feet in thickness. It is fissile, whereas the green shale i. more 
massive. Black phosphatic pebble , 1 to 2 inches in size, are very 
common at the base of the Ca on but al o occur less abundantly within 

•• WiUiams, H. S., On the nge of the mnngnnese beds of the Batesville region of 
Arkansas : Am . J our . ci., 3d ser., vol. 48, pp. 326-329, 1894. 
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the lower 6 feet of the formation, in both types of shale. These 
pebbles are in general irregularly rounded and show smooth, shiny 
bu pitted surfaces. ome of the larger ones, a much as 6 inches 
in size, that occur in the black l;l.ale have dull unpitted urfaces and 
resemble concretions in place, but those of the more usual type have 
apparently been transported some distance. The latter are com­
monly traver eel by mall pin-sized "worm borings" filled with 
earthy whitish calcite or more rarely dolomite. The section at the 
St. Joe quarry shov."S, instead of distinct basal pebbles, a layer 2 
inche thick that appears to be of the same compo ·ition a the mate­
rial that elsewhere m_akes up the pebbles. This mat rial i browni h 
black, i dull in luster, and show in detail nwnerou mall whitish 
fr~gments of shells. It contain a few spots of oTeenish-blue shale 
that appears to have been introduc d as a matrix into the pho ·phate 
rock after a slight amount of fragmentation. 

Pyrite occur in th e Ca on, both as fine cube (pinhead size or 
smaller) in the blue-green hale, a.nd a amorphou bleb in both 
types of shale and in some of the larger phosphatic pebble . In the 
lime quarry at St. Joe the top 3 feet of the Fernvale, beneath the 
Ca ·on, i impreO'nated with pyrite along irregular zone . Thi is 
plainly a secondary development and evidently related to th e Ca. on 
above. In places thin films of rrypsum lie along the fractures and 
parting planes of the lower black member of the Cason where it 
i. con picuou ly pyriti ; the mineral wa probably formed by the 
reaction of sulphuri c acid from the oxidation of the pyrite, with 
cal ium carbonate waters. 

FOS ILS AND AGE 

Fo ils collected by the writer from the Ca on of the Yellville 
quadrangle comprise small brachiopods of the genus Lingula, found 
in the black shale near the base of the formation, and poorly pre­
served ostracode and ga tropods found in the basal phosphate bed 
at t. Joe. The gastropod are preserved only a internal molds and 
include, according to Ulrich, forms of the genu OycloTa and a 
larger form that may be a depauperate type of H oloz)ea. OyclO'ra, 
according to Ulrich, is a long-ranging Ordovician and Silurian 
rrenu . The formation is conelated with the Cason of the type 
locality, near Batesville, on it .lithologic character and its strati­
graphic position between the Fernvale and Brassfield. It is of late 

pper Ordovician (Richmond) age and is probably the equivalent 
or partial equivalent of the Maquoketa of Iowa, Missouri, and 
Illinois. 70 

7• Purdue, A. II. , and Mi se r, H. D. , U.S. Geol. Survey Geol. Atlas, E u reka Springs. 
Harrison folio (no. 202), p_ 9, 1916. 
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STRA'ITOR.APHIO RELATIONS 

The a on i unconformable on the Fernvale, a hown by Yaria­
tions in the thickness f the F rnval (f rom 15 to 50 feet in the Yell ­
ville quadrangle) ben ath the plane.of unconformity. It is overlain 
unconformably at diff rent places by diff r nt formati n , includino­
the Bra field the t. lair , and th ba al andstone or the t. Joe 
member of the Boone, the magnitu le of the br ak increa inCY in the 
ord r given . Evidence for an unconf nn ity at the ba e of the 
Bras field is found in the variation in the tbickne of th 
beneath it, from 23 feet on Dry Cr ek to 6 fee t n T omahawk 
less than 2 mile to the north. 

SILURIAN SYSTEM 

The Silurian is represented in the Yellville quadrangle by a 
maximum of about 100 feet of marine lime tones. Two formati on 
with an unconformity between them are r cognized, one of late 
Medina (lower Silurian) and the other of late Clinton (middle 
Silurian) ao-e. The y tem i unconformable on the underlying 
Ordovi ·ian, although the tratigraphic break recorded in the uncon­
formity is apparently of les magnitude than break recorded by 
internal unconformitie within ea h of the e sy tem . The ilurian 
rocks are restricted to a small area along the ·outh e lge of the qua 1-
rangle. If they were ever more wid ly di tributed th y were ut 
out by the erosion that produced the unconformity at the base of the 
overlying Missi ippian, or the lower lime tone wa cut out in part 
by the erosion recorded in the unconformity within the ilurian. 

BRASSFIELD LIMESTONE 

- AME 

The Brassfield formation wa named by F o r te 71 in 1905, from 
exposures between Bras field and Panola, Madi ·on ounty, Ky. It 
characteristic fauna wa di covered within the Yellville quadrangle 
by Ulrich at some time prior to 1911.72 It i probable t.hat the for­
mation, which has a very re tricted di tribution in Arkan. a , was 
never seen by Branner; if it '"as, he grouped it in hi t. lair . In 
the Adam report the Bra field, together wit,h the St. Clair, was 
confu ·ed with the t. J oe member of the B oon . 

DI STRI BUTION A!';l) TIIICKNESS 

The Brassfield limestone is everywhere underlain by the Cason shal 
but is somewhat more re tricted in distribution, owing to the fact 

n Foerstc, A. F., Sllut·ian clays: Kentucky Gcol. ur\•ey BHll. 6, p. 145, 1905. 
7" Ulri ch, E. 0 ., Revtston or the Paleozoic syst ms : Gco l. . oc. A mer i<-a Bull., \'01. 2:.! . 

[l. 558, 1911 . 
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that it may have been removed from above the shale b rosion prior 
to the depo ition of the St. Clair or of the basal sandstone o£ the 
Boone. It occur at everal points on Dry Creek within a mile or so 
above Gilbert, and the maximum thi clme of about 30 feet is r e­
corded on the point above the first .gra.de cro ing nor thwe t of Gil­
bert. On Tomahawk Cr ek at the eros ing of the road between St. 
J oe and Maumee t he Bra field is 23 feet thick The third and last 
locality where it was found is in and around the mouths of two small 
hollows that discharge into the Buffalo River from the north a mile 
or so below Gilbert. A thiclmes of 16 feet was measured on the 
point west of the mouth of the upper one of the e hollows. 

CHAll ACTEll A N D OUTCROP 

The Bra field limestone is rather variable in character . Tex­
turally it consists of crystalline fragments of calcite, averaging one­
sixteenth to one-eighth inch, embedded in a fine-grained matrix, but 
the relative proportion of the e fraament to the matrix i ubject 
to all gradation . iany of the fragm ents are plainly . broken 
from crinoid tem , and po ibly all of them have this oriain. The 
lime tone is commonly pink or deep fle h-colored but the oods how­
ing a high proportion of the fine-grained matrix are more nearly 
aray or only li ghtly fl e. h -tinted. T h ca lcite ft-agm C' nts are col­
ode · , whit , fl h- olorcd, or rcll-bro n 1. ~ ar Gilbert one ledge 
of the Bra field consists of medium- to fine-grained, rather porous 
·white limestone. A characteristic feature of the formation i the 
development of irregular vugs of colorless or white crystalline 
calcite and usually the lime tom> adja ent to uch egreaation has 
been altered to a fine-grained pink, tan, or browni h-red econdary 
product. Near Gilbert the lower 16 feet of the Brassfield, consi ting 
of all the lithologic types mentioned, contain numerou rounded 
to oblong o-rains of blue-green glauconite, 1y2 millimet r in maxi­
mum diam ter. This mineral al o occur in the lime tone of the sec­
tion on Tomahawk r ek and is apparently characteristic of the 
formation , pecially of the gray fine-grained phase. In some 
places the Bra. fi eld contain pyriti c s gregation which are gener­
ally alter d to limonite. 

The Bra ·fi eld resemble the F ernvale but i omewhat le s com­
pletely crystalline. On the other hand , it contain a laraer percent­
ao-e of calcite frao-ments than the overlyina t. lair. In t ead of 
occurring in very thick, massive beds like the F ernvale, it weather 
into thinner ledg , a f oot or 1 thick. mm on the order of the 

t. Joe limestone (p. 66). 
69371- 35-5 
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FO' IL AND .\GE 

The Bra field of the Yellville quadrangle contain abundant 
fo sil . The £ollov>ing li t include the pecies that have been 
identified by Messr . Ulrich and .Mesler £rom th e collection made by 
the writer: 

Bryozoa : 
Rhinopora verrncosa H a ll . 
Lichenalia p . 
Fenestella sp. 
Pacbydi cta p. 
Hemitrypa lllri<:bi Foer te. 

Brachiopoda : 
Let taena rhomboidali. · (" ilcken ) . 
Strophomena 1 . 
. owerbyella 2 sp. 
Atrypa reticul a ri · ( Linnacus). 
Triplecia ortoni (l\Ieek) . 

Gastropoda : 
l'latycera sp. 

Trilobita : 
Bumn tu 2 p. 
Sphaerexochu n .sp. 
Encrinuru: p. 
Illaenu · p. 

The brachi,opocl ·, bryozoan , and trilobite ar all well repre­
sented , and in addition a few remains o£ ga tropod occur. This 
fauna serve a the ba is for correlating the Brassfield of the Yell­
ville quadrangle with that of K entucky, Mi ouri, and Tennessee. 
The age of the faUJ1lL is lower Silurian (late Medina). 

STRATIGRAPH I C RELATIO S 

The Bras fi ld overlie the Ca on with apparent unconformity, 
a hown by variation in the thiclme of the a on and i in turn 
overlain unconformably by either the St. Clair er th e basal an l­
·tone of the Boone. Erosion preceding the depo ition of the t. 

Clair in places r moved the Bra field or the Bra sfield and Cason, 
so that the t . lair may re t on the Cason or on the Fernvale. 

ST. CLAIR LIMESTONE 

The name of the t. Clair limestone was first presented by Pen­
ro ·c 73 in 1 91. The type l·ocality is at t. Clair Springs in Inde­
pendence County. rk. A · originally defined, the formation in­
dueled the Kimmswick limestone, the Fernvale limestone, the Cason 
. hale, and the t . Clair limestone as recognized in the present report. 

"' l'cn•·ose . H .. \ . 1~ .. .Tr .. )fa nguncs . it.· u:es, ore:, and cl i' J oR it : .\ t'kHII Sas Gcol. . un·cy 
Ann. Rept. for 1 ·no. YOI. 1, p. 124, 1. 01. 
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In 1900 H. . William 74 r trictel the term to th e uppermost of 
the. e f ormation . The formation wa confused with the t. Joe 
limestone in the Adams report on the lead-zinc eli trict of northern 
_\..rkansa. , althouo-h lri ch / 5 in the ame volume, hows that he was 
aware at that tin1e of the exi tence of St. Clair limestone in at 
leas t one locality withi n the Y ellville quadrangle. 

0[STRIBUTIO:\" A D 'J'fliCl' l'i EJS. 

The St. Clair lime t one ha a rather r . tri ted eli t ribution along 
the south edge of the Yellville quadrangle, between Duff and L ittle 
R ocky reek. It rano-es in thickne. s from GO feet to the vanishing 
point. Outcrop occur on Dry reelr within th fir t mile or · so 
above Gilbert, where several mall patche. of the lime tone are 
pre er• d beneath the unconformity at th e ba e of th e t. Joe 
maximum thickne about 10 feet; on Tomahawk Creek where it is 
cro sed by the road from t. Joe to Maumee, maximum 37 f eet ; along 
the Buffalo River and it tributary hollow from a point a little 
above the Missouri & Nor th . rlmn a Railway bridge to th fau lt 
below the mouth of Tom ahawk r ek , •aryin o- b tw·een 10 an] 25 
feet ov r most of thi stretch but increa i11g around th e mouth of 
Tomahawk reek to a maximum thickne . of 60 feet , measured on 
the r io-ht s ide of the creek a short way a boY the mouth; and , finally, 
on th lower cour-e of Ro ·k. and Li tt le R o ky Creek 40 f t hav ­
ing been measured on th rio-ht ide of R o ky Creek about 1:000 
feet above the outhern of two fau lts . 

H AH.\ 'l'F. ll A ' D 0 TCHOP 

The t. lair i typi cally a crray or pale fl e h-colorecl , occa ionally 
pinki sh fin -grained lime tone, with crystalline plate rather par­
ing ly . atter d through it. Th e. e plate may be g ray, white, or 
red -bro1n1. 1 he normal pbasc of the forma ion a j u ·t le cribed, 
is haracterized by small vu rrrry eg regations of colorle or white 
-r talline calcit , with indefinite border . ually the vug are 
irrerrular in shape, bu t they may also take the form of thin veinlets 
dev loped along the bedding plane, or in p lace aero it. Scattered 
small bl bs of py rite occur in th fin -grained groundma of the 
lime tone. 

L e comm.on li thologic type are produce 1 by increa e in th pro­
portion of the cry talline p lates relative to the groundmas of the 
limestone. At one place on Dry Creek a short way above Gilbert 
a faci of the t. lair, 2 f t above the ba e is made up almost 

" Wil lioms. IT. S., The I'n lcozo lc faunas of no r t h rn Arkn nsns: Arl;n nsa Ocol. , u r vey 
Ann. Hcpt . for 1802, 1"01. 5, p. 27il , l 900. 

70 Ul ri ch. K 0 .. Detc •·•n in n ti on a nd o rrc l~ ti o n of fo rm a ti o ns [iu northern Arka n ns) : 
(".:';. Cco l. Sun•<' .\" l'rof. P nper 24 , p. !) , J!l04 . 
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entirely of coarsely crystalline fie h-colored limestone with very 
little groundmass. 

The bedding of the t . lair, ranging from 1 to 5 f et, is not so 
mas ive as that of the F ernvale, and the ledges formed on the 
weathered surface are more angular. Where the St. Clair is being 
actively eroded, as for example, along the left side of the Buffalo 
River below the mouth of Tomahawk Creek (see pl. , B), it forms a 
massive bluff in which the bedding is very obscure. 

FO SILS A."D AGE 

Like the F ernvale and Bra sfield limestones, the St. Clair contains 
fossils rather abundantly. The following list of species identified 
by Ulrich and Mesler from collections made by the writer, though 
it by no means includes all the species known from the St. Clair 
of northern Arkansas, is nevertheless fairly representative of the 
formation in the Yell ville quadrangle: 

Coral: 
Streptelasma p. 

Bryozoa, at least 2 pecies. 
Brachiopoda : 

Atrypa reticularis (Linnaeus). 
Leptaena rhomboidalis (Wilckens) . 
Streptis gray! (Davidson) . 
Clorinda n. sp. 
At1·ypina disparilis (Hall). 
Whitfieldella nitida (Hall). 
Dalmanella sp. 
Eospirifer radiatus (Sowerby) . 
Bilobites sp. 

chuchertella aft'. S. subplana (Conrad). 
Sowerbyella sp. 
Camarotoechia sp. 

Pelecypoda : Conocardium sp. 
Gastropoda : 

Platyceras p. 
Hormotoma? sp. 

Cephalopoda, 2 or 3 species. 
Trilobita: 

Bumastus ioxus (Hall). 
Encrinurus sp. 
Dalmanites n. sp. 
Staurocephalus sp. 
lllaenu sp. 
Proetus p. 
Illaenoides n. sp. 
Cheirurus niagarensis (Hall). 
Arctinurus sp. 
Oyphaspis sp. 
Calymene sp. 
Dicranop Iti p. 
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The dominant forms of the St. Clair are brachiopod and trilo­
bites, but corals, bryozoans, pelecypods, gastropods, and cephalopods 
are also represented. The fauna of the limestone places it in the 
middle Silurian (late Clinton) approximately at the same horizon 
a the Roche ter shale of New York, according to lri h. 76 

STRATIGR APH IC RELATION 

Owing to the unconformity at its base, the t. Clair may rest on 
either the Brassfield or the Cason, or it may overlap both of them 
and rest on the F ernvale. It is unconformably overlain by the basal 
and stone of the Boone, or by the St. Joe limestone member where 

the sandstone is not developed. 

CARBONIFEROUS SYSTEM 

Rocks of Carboniferou age are represented by about 1:000 feet of 
sediments within the Yell ville quadrangle, compri ing sandstone, 
shale, limestone, and chert. Both the Mis i ippian and P ennsylvan­
ian series are well developed, with an unconformity between them. 
There are, in addition, unconformities within each of the e eries. 
The system as a whole shows regional unconformity with th under­
lyino· Silurian and Ordovician rocks. Only the basal formation of 
the Mi is ippian eries i widely di tributed in the quadrangle ; 
high r formation , which are th youno-e t rocks in the re!rion have 
been laro-ely remoYed by ero ion from a former exten ion that must 
have at lea t cov r d the quadrangle. Ero ional remnant ·, however, 
have been preserved in the southern part of the quadrangle. The 

arboniferous rock of the Yell ville quadran ale are probably all 
of marine origin, with the possible exception of the uppermost 
formation. 

MISSISSIPPIAN SERIES 

BOONE FORMATION 

The Boone formation ranks econd to the Everton as a producer 
of lead and zinc in northern .Arkansa . Perhaps its lesser yield is 
attributable more to its general absence, by erosion, from the more 
richly mineralized districts than to any inher nt unfitne as a carrier 
of ore. .As is well known, the lead-zinc deposits of the Tri- tate 
(Joplin) region occur in the Boone. In .Arkansas mot of the ore 
produced in Newton County has been obtained from the Boone, but 
the :formation has yielded very little el ewhere in the lead-zinc 
district. 

70 Quoted In Miser, H. D., Deposits ot roangllllese ore In the Batesvllle district, AU.: 
U.S. Geol. Survey Bull. 734, p. 81, 1922. 
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NAME 

The term " Boone" wa fir t introduced in 1 91 by Penro e 77 and 
Simonds 78 simultaneously, although the name '''a propo ed to them 
by J. C. Branner. The formation is named for Doone ounty, 
Ark. where it crop out over wide areas. 

DIS'l'lUBUTIO 

Except in certnin do,Yn-fn nlted area alon the . outh ·ide of the 
quadrangle, between the head of Cane Branch and Tomahawk 
Creek, where upper Mi sissippian and Pennsylvanian rock are pre­
served, the Boone is the highest formation in the tratigraphic sec­
tion. It form thC' tops of practi ca lly all of the high rid <Ye from 
Pilot Knob, Short Mountain, and Pine 1\Iountnin outh' ard to the 
quadrangle boundary and in a ldition underlie such broad flats as 
Pine Flat, near D odd City; King Prairie and Ham Flat, between 
Everton and Bnmo ; and similar flat or gently rolling upland in 
the general regions of Valley Sprin<Y , W e tern Grove, and t. Joe. 
Owing to the proximity of the White River, the north half of the 
quadrangle has been more thorouo-hly degraded by erosion, with con­
sequent reduction of the area underlain by the Boone, whil the 
south half, lying farther fwm the ma ter stream, has been le s 
eroded and consequently hows a more exten ive developm nt of this 
formation. The exi. tence of a munber of structural low. to the 
south has also tended to pre ·erve the Boone over wider areas than 
would otherwise have been possible. 

TBJOKNEBS 

Nowhere in the quadrangle are the top and bottom of the B one 
exposed in the same trati<Yraphic ection , and therefore the thick­
ness of the formation cannot be measured directly. The thickness 
given in the Harrison quadran<Yle is from 350 to 400 feet, and that 
in the Batesville di -trict is between 300 . and 400 feet. 

H AB.AOTEJR 

The Boone is e ·entially a limestone and chert formation con ­
taining a ba al sandstone that may or may not be pre ent. The 
lowermost strata of limestone, immediately above the basal sand­
stone, po. sess cer ain litholoo-ic character i tics that have led to 
their eparation as a member of the formation under the name " St. 
Joe limestone." In the following description of the Boone lithology 
the three member are discussed in the order of their thickness, which 
is also their stratigraphic order from the top down. 

77 P enrose. R. A. F., Jr., op. cit. , pp. 120- 138. 
78 Simonds, F. W., The geology of Washington County, Ark.: Arkansas Geol. Survey 

Ann. Rept. for 1888, vol. 4, pp. 27-37, 149, 1891. 



CARBONIFERO S SYSTEM 65 

Uppe1• pa1·t of Boone.- That part of the Boone lyino- above the 
St. Joe lime tone member is composed of gray limestone and chert. 
Certain beds are pure limestone ; other are lime tone containing a 
con iderable percentao-e of chert as lense and nodules ; and in ex­
treme en e zones that may be a much as 70 feet or perhaps more 
thick are composed almost entirely of chert with a minor amount of 
lime tone appearing as small r esidual lense . The change from 
lime tone to chert or from chert to lime tone in a tratigraphic sec­
tion is not sharply defined but gradational by increase of one and 
decrease of the other , although the change may be accompli hed in 
a r elatively narrow zone. Owino- to the carcity of outcrop and to 
the difficulty of determining the horizon when an outcrop i found 
the regional variations in the character of the Boone were not 
studied . On a prong of T omahawk Creek in sec. 7, T. 16 N., R. 
16 W ., about 3 miles northca t of Pilot 1ountain, the lowest 100 feet 
of the Boone, exclusive of the St. Joe (20 feet) , i cherty, and indeed 
all except the lowest 25 f et is dominantly chert, the limestone 
appearing as lenses only an inch or two thick and a foot or two long. 
In the Ru h district, more specifically at the ilver Hollow mine, 
that part of the Boone immediate!} overlying the t. Joe limestone 
is 80 to 90 perc nt chert. On H alls Mountain , 1 mile north of Bald 
J e, 35 feet of Boone chert occupies the arne horizon. That the 
rel ative perc ntage of lime tone and chert varies laterally as well as 
vertically i made evident by compa rino- the e ections with tho e in 
the Ha1Ti on quadrano-le,79 where the lower part of the formation, 
exclusive of the St. J oe is a a rule limestone. Lateral variations in 
the chert content were r coo-nized by Purdue and Miser 80 in the 
Eur ka Springs and Harrison quadrangle , where the formation is 
much b tter exposed than in th Yellville quadrangle. 

The limestones rano-e from fine- to coar e-o-rained and in color from 
very light o-ray to olive-gray, or locally pinki h . The bedding is 
rather massive, generally in beds from1 to 3 feet thick. The medium­
an l oarser-o-rained varietie contain be. ides numerou other fossils, 
abundant fragments of crinoid . tem . Wh re nodular or lenticular 
chert appear in crinoidal lime tono of thi type, it al o contain 
stem fragments; where the limestone i fine-grained an 1 barren of 
fossils, the associated chert is also unfossiliferou . A crinoid tem 
in chert i pre erved as calcite and leaches out when the chert 
weathers, leav.in<Y a onsp.i ·uou ca t hat may contain a central 
sili rous core that mark th e central tnb of the stem. If th chert 
ha been fo rme l by repla ce men t of the lim ' tom\ eith r very oon 

70 P urd ue, A. rr ., nnd Mise r, lL n., U . . Gcol. urvey Gcol. t\tlns, Eu reka Springs­
Unrri son folio ( no. 202), p . 10, 1016. 

so Idem, p, 10. 
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after deposition or at some subsequent period, it is evident that the 
coarse crystallinity of the fossil has protected it again t r eplacement. 

The Boone chert, where fresh, is gray, blue-gray, greenish gray, 
drab, flesh-colored, or rarely red, and possesses a den e texture, but 
on weathering it be orne whit or light gray or p rhap buff or 
dark brown. Coincident with the change in color the texture be­
comes more porcelaneou , and in extreme cases the re idual material 
may be o porous as to approach the con istency and pecific o-ravity 
of chalk. The bedded cher ts generally show a poorly defined layer­
ing on a 1- to 3-inch scale. The mall amount of limestone included 
in the e chert normally appears ns irregular len es parall l to the 
bedding. Closely superimposed lense.- of limestone may be con­
nected in one or more plac aero s th intervening ch rt layer , as 
if the chert were a later development alono- beddinu planes in an 
originally continuous limestone mass. 

In the Tri-State zinc-mining r egion , embracing the corners of 
Oklahoma and K an a and the adjacent part of Mi ouri the upper 
part of the Boone contain an oolitic lime tone (Short Cre k oolite 
member) which has been of con iderable service as a. horizon marker 
in that region. A similar litholorric unit near the top of the forma­
tion was found in the Eureh.a Spring and Hat-ri on quadrangle 81 

but it wa not recoo-nized in the Yell ille quadrangle. Tbis i more 
probably due to g neral ero ion of the upper Boone, coupled with 
lack of outcrop , than to any lack of original deposition of the 
oolite. At the Bald Hill mine, which lie in the drainage basin of 
Cave Creek, severa l miles south of the Harri on quadrangle, ool.itic 
limestone is exposed in one of the tunnels at an unknown but prob­
ably high horizon in the Boone. 

t. J oe lilmestone member.-The St. Joe member of the Boone 
was named by Branner from exposures near St. J oe, in the Yellville 
quadrangle, although the name was first presented in the literature 
by Hopkins.82 The St. Joe is commonly the only part of the Boone 
that is expo ed and is of considerable geologic importance as a 
horizon marker in the stratigraphic section . I ts thickness in the 
Yellville quadrangle ranges from 20 to 45 feet. From the over­
lying trata of the Boone it differs chiefly in being noncherty, thin­
bedded, and usually, in part, red. The individual layers making 
up the member are typically from 1 to 4 inches thick, though they 
may locally be as much as 1 foot. The division planes between these 
layers are not sharply defined in the sense that they form uood 
cleavage surfaces; they are manifested chiefly as zones of weakness 

81 Putdue, A. H. , and Miser, H . r~ .• op. cit., p. 10 
"' Hopk in , 'I'. '., 1\larbles and other limeston es: Arkansas Gcol. Survey Ann. Rept. 

fo•· 1800, vol. 4, p. 253, 1893. 



CARBONIFERO S SYSTEM 67 

on the weathered surface of the ledo-e and account for the horizontal 
fluting that is characteri tic of the outcrop of the St. Joe (pl. , B). 

Lithologically the St. Joe is a fine-grained limestone, containing 
crystalline fragments of crinoid stems that here and there are a 
quarter of an inch in size but are generally somewhat smaller. The 
relative proportions between groundn:nass and crinoid fragments 
vary in different layers. Th abundance of these fragments gives 
the impression of a coarse-grained limestone or marble, and in fact 
the t . Joe has been quarried as marble to a small extent. Its fine­
grained matrix, however, together with its well-preserved fossils, and 
the mildness of its known structural history are all contrary to the 
geologic concept that marble implies a thoroughly recrystallized 
metamorphic limestone. A large percentage of the crystalline 
fragments are circular or partly circular ections of crinoid steans. 
The color of the St. Joe ranges from gray to brownish red in different 
zones. The crinoid fragments are white, light gray, or flesh-colored 
and are especially conspicuous in the red phases of the limestone. 
Small blebs of limonite, about half an inch in maximum size, are 
common in the matrix, and in places pyrite, from which the limonite 
was derived, is preserved as similar noncrystalline blebs. Where the 
basal sandstone of the Boone i absent or poorly developed, the basal 
6 in he or o of the t. Joe may contain the phosphatic brownish 
pebble that normally occur in the andstone. 

As a general rule the litholoo-y of the St. Joe is distinctive enough 
to admit of ready identification. However, certain pha es of the St. 
Clair may resemble some of the gray phases of the St. Joe. sually 
the more massive character of the St. lair bedding will serve to dis­
tinguish b tween the two, but the surest criterion is the position of 
the basal sandstone of the Boone, whether above or below the outcrop 
in question. 

At a few places in the Yellville quadrano-le, especially in the heads 
of the several creeks that rise around Dodd City, 6 inches or so of 
soft O'reeni h to buff shale that may contain sporadic grains of well­
rounded and is expo ed at the ba e of the t. Joe, overlyin()' a few 
inches of the basal sandstone of the Boone. It is po i.ble that this 
shale facies may be fairly widespread at this horizon, but from its 
nature it would rarely be expos d. 

Basal sandstone.-Considering the fact that it is usually the most 
insignificant unit in the tratigraphic ection, the sandstone at the 
base of the Boone i urprisingly per istent. It thi lmess in the 

llville quadran()'le run<r · from n knife-edg to JS feet but is mostly 
2 inches to 5 feet. The anaximum thiclmess was noted near the head 
of a small south tributary that empties into Rush Creek· about 1¥2 
miles above Rush. T he sandstone is 16 feet thick on the point east 
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of the head of Monkey Run, 2 mile northwest of St. Joe. It is prob­
able that these thlckne es are approached or equaled elsewhere 
within the Yellville quadrangle, but only for short distances. The 
greatest thickn s es that are su tained over any considerable distance 
lie in an indefinite belt xtending from th vi inity of Everton to 
the mouth of Greasy Creek; in tills stretch the sandstone av rages 
between 5 and 12 feet, although locally it may be thinner. Near 
Everton the combination of a fairly heavy sandstone at the base of 
the Boone with underlying remnants of what the writer has inter­
preted as ewton sandstone has produced prominent sandstone cliffs 
that have in the pa t been cla ed a t. P ('ter. 

The basal sandstone of the Boone i made up of coar e to fine 
quartz grains, indistinguishable in character from tho e of the Ever­
ton and St. P eter. Where they have not been altered by later olu­
tions the grains are well rounded, but commonly material has been 
added to the grains, producing crystalline faces and, in extreme 
cases, perfect small quartz crystals but always with rounded sand­
grain nuclei that can be seen under proper microscopic conditions. 
The sandstone is generally calcareous, and where it is very thin it 
may show cleavage faces of calcite developed interstitial to the sand 
grains. Where the limy cement has been leached out on the 
weathered surface, the sand becomes very friable. The color of the 
sand is whitish to buff, or, less commonly, brown. mall egregated 
masses of pyrite weather to brown or blackish spots, and local 
cementation, either of whole beds or of concretionary spots, anay 
produce hard gray siliceou pha es. 

The most characteri ti c feature of the an 1 tone i the occurrence 
of small rounded phosphatic pebbles, either poradically scattered 
through the sand or else concentrated along certain bedding plane 
near its base if it po e es an con iderable thickne . The e pebbles 
are dark grayish brown, earthy in texture, and t ructureless ; they 
rarely surpass an inch in greatest dimension, although a few are 2 
or even 3 inches across. They weather light gray or brown. Many 
of them are penetrated by small slightly curved tube , of the diameter 
of a pin or smaller, that resemble ome type of worm boring. Some 
of the tubes, instead of being round are slitlil{e or crescentic in cross 
section, as if ma ·heel together while the material making up the 
pebble was still soft. sually the e tubes are filled by an earthy 
whitish form of calci te, but a few of them contain, in addition, grains 
of sand, both rounded and with econdary quartz fa ces. The phos­
phate pebbles are diagnostic of the ba al and tone of the Boone 
wherever they occur, but they may be either entirely ab ·ent or so 
scarce that considerable effort has to be spent in finding one. 
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If the andstone hows any bedding lines at all they are generally 
horizontal, breakincr it up into massive beds from 6 inches to 5 feet 
thick. Cross-bedding i rare but is occasionally ob erved. At one 
place, aloncr a small nortlw.-ard-fiowing tributary of Rush Creek, a 
type of small-scale low-anrrle eros -bedding is developed, in which the 
individual sets of laminae dip in various directions, truncating the sets 
below and in turn truncated by the overlyino- sets. The sweep of the. 
foreset beds is generally not more than 3 or 4 inches before they 
flatten out (fig. 4). These features are believed to have. been pro­
duced by wave action along the beach during submergence into the 
MiSl issippian sea. The submergence must necessarily have been 
rather rapid for such features to have withstood destruction by later 
wave action. 

FIG BE 4.- Ficld sketch showing eros -bedd ing in th sandstone at the base or the 
Boone formation. On -fourth natu ra l size. 

A t two place in the Yellville quadrano-le the ba al sandstone con­
tains lenses of black fissile shale, only a few inch s thick, of the type 
that ha been called " hattanooo-a hale" in the Eureka Springs 
quadrangle. \Vhere the andstone horizon cro e the bed of the 
small branch traversed by the railroad we t of Everton, inches of 
black pyritic shale lies near the base of a 4-foot ledge of the and­
stone. Isolated quartz grains, or el e small crroups of 15 or 20 uch 
grain , appear in the shale. The hale is underlain by l Vz inches of 
sandstone containing abundant pho phatic pebbles and is divided by 
a sandstone parting that, increa ing from a thin edge to a foot or so 
in thickness, cuts out the hale completely in a eli tance of 50 feet. 
This sandstone parting contains fracrm ent of the bla k shale. 

The second shale locality i on the road leadino- from Eros to the 
mouth of Kings Branch, where it first eros e th ba e of the Boone. 
The sandstone in the bed of the creek ju t below the road i 11 feet 
thi k and contains two black- hale parting , ach 6 inch thi ck, one 
2 feet and the other 6Y2 feet above the ba. e. The lower hale is 
pyr itic · the up p r on sli ghtly . an i_y. Tl1c 4 f('Ct of and tone at 
the top of the ection contaiJ1 phosphatic pebble·. 

At a few places in the quadrangl the sand tone begins with or 
:is completely displaced by a basal brec ia, whose fragment have 
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been derived from the immediately underlying formation and whose 
matrix how·s evidence of derivation, in part, from the attrition 
of the underlying formation. Where the fragments ar t. Peter 
or Everton sand tone their presence is r arely detect d in a matrix 
composed of similar sandstone although a slight diff r nee in tex­
ture may rev al them. \\ here the fragment are lime -tone or 
dolomite, however the matrix, thou()'h it may not b sharply sepa­
rable fl"om the fragment , i · nev rth le ·. fai rly well lefined by the 
inclusion of sand grain and lo ally phosphatic pebbles of the type 
that characteri ze the basal sandstone of the Boone. Di tinction 
between fra()'m ents an l matrix may be less well defined on the fresh 
fracture than on the " ·eather d ·urface. Certain of th e br C" ias, 
especially those made up of Plattin limestone, contain an extremely 
high percentage of f ragmental material r elative to the matrix. 

As a gen ral rule the f ragments con ist entirely of the adjacent 
formation, indicating that they have been ubj ected to a minimum 
amount of transportation. The ame inference may be drawn from 
their ubangular nature. In places, however , some slight mov ment 
can be demon trated. On the right side of Cold Spring Hollow 
near its mouth ~ at Ru h a thin breccia that i developed on top of 
Plattin limestone contains fragments of this formation as it chief 
constituent but al o contains fragments of Fernvale limestone. The 
neare t Fernvale ma from which fragments could have been de­
rived lies 100 feet or so away; in the intervening di tance the F ern­
vale has been cut out by the erosion marked by the unconformity 
at the ba e of the Boone. This giYes a minimum di tanc over 
which the fragment must have moved; actually th di tance may 
have been somewhat greater . 

One of these ba al Boone breccias overlying the E verton was 
observed to contain fragments of fine- to coarse-grained dolon ite 
and also of o tracodal limestone. Whatever the origin of the Ever­
ton dolomite, it wa apparently formed before the Clepo ition of the 
Mississippian. 

The thickest bed of breccia ob erved in the quadrangle was about 
6 feet thick and wa overlain by '7 feet of sandstone. The breccia 
fragments are u ually 1 to 3 inches in greatest diameter but excep­
tionally reach 6 inches. 

Where the sandstone and breccia are absent from the base of the 
Boone, the characteristic phosphate pebbles usually found in the 
sandstone may occur rather plentifully in the basal 6 inches or so 
of the overlying t. Joe limestone. Locally this limestone, where 
it contains pebbles, is slightly sandy, so that there are all gradations 
between the sandstone and limestone. This evidence of gradation, 
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together with the extremely thin but per i tent charact er of the 
sand tone beneath the St. Joe, eem convincing testim n 'in favor 
of the view that the two were laid down successively in the ame 
fissis ippian sea without a regression of the sea between the two 

phase of deposition. 
The riame" ylamore and tone ", ta]n'!.n by Branner from a locality 

on outh ylamore Creek in tone County (sec. 21, T. 15 N. R. 11 
W.), ha been widely applied over northern Arkansa t0 the ·and­
stone treated as the basal member of the Boone in the present re­
port. The fir t regional correlation were ma ]e b) H opkin 68 and 
by Bra.nner,84 both of whom included localities within th e Yellville 
quadrangle. In 1905 lrich 85 accepted Branner ' xt.en ion of 
the term into northwestern Arkansa and describeJ. the ylamore 
as the ba al member of the D evonian Chattanooo-a hal ( = t Eureka 
shale of Branner t oel hale of Adams) in the Fayetteville quad­
ran o-le. Purdue and Mi er, in their de cription of the Eureka 
• pring · and Harri son quadranale , follow lri h' u age · where 
the Chattanooga shale i ab ent as it i over much of the Harri on 
qu ad rangle, they believe that the ylamore sand tone is separated 
from the overlying t. Joe lime tone by an ero. ion a l un conformity 
repre enting the hale intenal. They tate however , 6 that the thin 
sand ton mapped a · ylamore in th e ab rnce of the hale micrht 
1' ibly b ba al 1i i ·ippian ( t . J oe) and imply that if uch 
is true, it i a different and tone from the one underlyino- t.h bat;.. 
tanooga hale. 1oore,8 7 in hi li cu i10n of the early Mi i ippian 
formation in outhwe tem Mi ouri, implie throualmut that the 

t. Joe i eli conformable on the Sylamor , although he make no 
dir ct tatcment to thi ffe ·t. His vi e"- thu ac ord es entially 
with that • f Purdue and Mi er although he con ider the Sylamore 
to b of Kinderhookian age (lowermo t Missis ippian) instead of 
DeYouian. 8 

To ummarize ome of the more sali nt feature of what ha been 
de ·cribed a ylamore: We have a widely eli tributed andst.one, 
('haract rized .by its remarkable thinness and by certain lithologic 
pe uliariti s that are fairly persi tent over wide areas; only one 

.. Hopkin . '£. ., Marbles a nd other limestones: .I rl<un ns Geol. Survey Ann. Rept. 
f OI' I !lO. vol. 4 , 1 9:{. 

'" B <·n unc •·. J . .. 'l'he ph osphate dcpo its of Arka nsas ; Am. Tns t. Min. Eng. Trans., 
vol. 2G, pp. !'\ 598, 1 97. 

80 T !rich . r:. 0., nnd .\ dams, G. I ., .S. Gcol. Sun·ey Gcol. Atlas. F'ayettevllle tollo 
(no. 119 ), JJ. 3, 1905. 

80 Purdue, A. 11. , nod llflser, II . D. , op. ci t., p. 9 . 
81 :IIoor , R. C., Early Mls Is lppla n formations In Mls our!: Missouri Bur. Geoloey 

find llfin e . . 2d s~r .. vo l. 21, 192 . 
ss .'<' • a lso !rich 's later view (Kinderhookian a ge of t he Cbnttaooognn serle : OeoL 

OC. AllH' l'ICa B ull., VO l. 26, pp. 96--9!!, J9 l (i). 
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sand tone ha ever been recognized in a given locality80 ; it appears 
to be conformable \vith the. overlying f ormation (even though the­
Ol'etical con iderations have in plac cau ed a disconformity to be 
postulated); its ba e alway marks an important unoonformity; its 
age appears to be in some place early Osagean (St. Joe) and in 
others early, middle, or late 90 hattanoogan (which may be De­
vonian or Kinderhookian according bo different authorities). 

According to the interpretation of the writer, the Sylamore as 
described in the literature is simply the basal sandstone of an over­
lapping erie of strata and was formed from the residual sand that 
had accwnulated on the pre-Sylamore land area; its age varies in 
different localities, according to the t ime at which the particular 
locality wa ubmerged beneath the ea. 

While the name "Sylamore' has come to mean a certain definite 
sandstone whose characters have been carefully studied and de-
cribed over a wide area in Arkan a and Missouri, what the Syla­

more is at its type locality is another matter. Branner's descrip­
tion of the type locality (sec. 21, T. 15 N., R. 11 W.) 01 is apparently 
based on information he received from Hopkins.92 o far as known 
to the writer, the locality ha not been visited by a geologist since 
Hopkins was there, some 40 year or more ago. At that time there 
was some confusion of tratigraphic units by the worker on the 
Arkansas nr>ey. For instance, the Cason hale and the Chatta­
nooga shale were thought to be the same formation ( t Eureka shale), 
and the St. Clair included Kimmswick, Fernvale, and Cason as well 
as true St. Clair. In the description of localities along South Syla­
more Creek, the Sylamore sand tone is said to be associated with 
t Eureka shale. According to Branner 98 the outcrops are so con­
cealed by the decay of overlying beds that the relative positions of 
shale and andstone cannot be seen. Hopkins,94 in a sketch, shows 
two different sandstones bedded in shale. It is very possible that 
Hopkins may have included considerable Cason sbale in his yla­
more sandstone. His definition of the Sylamore says in part: "In 
other places it i a soft earthy rock of a yellowish-brown color; in 
still other places an arenaceous shale. The da.rk-colored [pho ·­
phate] pebbles are a peculiar feature of this rock, yet they are not 
always present." Phosphate pebbles are as characteri tic of the 

so l'urdue a nd Mise r (op. c it., p. 9) s tate tbnt the sandstone wb ere it unde rlies ' t . 
Joe lim es tone Is a ppnr ntly continuous wltb the sa ndstone whe re it underli es Chatta nooga 
sha le. 

oo S e l ' ll·ich , E. 0 ., Hev ision or tbe Paleozoic systems: Geol. Soc. Ameri ca BuLl. , vo l. 
22, pp , 455 56, 1!lll. 

01 B mnuer, .T. ., ~·he phosphate deposits of Arkansas: Am. Inst. 1\IIn. Eng. Trans., 
vol. 26 , p . 5 0. 1 97. 

"' Uopklns, •.r. C., op . cit., pp. 213, 243. 
•• Brann er. J . .. op. c it ., p . 5. 1. 
•• Hopkins, T. C., op. cit ., p l. 10, opp . p. 212. 
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Cason shale as of the sandstone that lies at the base of the Boone, 
and the above de cription fits the Cason more closely than it does 
the and tone. 

In view of the fact that the type Sylamore locality has not been 
reexamined in the licrht of more recent stratigraphic determinations 
in northern Arkan as, and e pecially as the thickne s at the type 
locality ( 40 feet) represents an abrupt increase over the very few 
feet or ev n inche that has been cited a the thickness of the Syla­
more in closely adjacent localitie , the writer has preferred to de­
scribe the sandstone in the Yell ville quadrangle simply as a sand­
stone at the ba e of the Boon , without correlating it with the Syla­
more. This method of treatment is further dictated by the consid­
eration that, whereas in regions remote from the type locality of 
the Sylamore it has heretofore been con idered to be of Devonian or 
of lowermo t Missi ippian (Kinderhookian) age, in the Harrison 
and Yellville quadrangles the sandstone appears to be of 0 agean 
age. Nevertheless it is the opinion of the writer that the sand tone 
is the same lithologic unit in different place , although differing in 
age from place to place, and that the type locality at least includes 
this sandstone within the 40-foot interval a cribed to the ylamore. 

OU T !lOP 

In ·ontra t t the t .. Jo member: " ·hicil as a rule outcrops as a 
horizontally fluted leda-e, the overlying parts of the Boone are rare­
ly expo ed. At a few places, however, as along Tomahawk reek 
below the Maum e- t. Joe road cro ing and along the Buffalo 
River 2 miles above the mouth of Tomahawk Creek, the upper 
Boone forms a mas ive cliff. Here and there it is exposed in road 
cuts and along the bed of actively eroding streams. The average 
Boone outcrop however, is mantled with a thick layer of re i lual 
chert fragments as mu h as 2 or 3 inches in ize, which conceal not 
only the limestone itself but also, where the formation occupi the 
crests of ridges, as it commonly does in the Yellville quadrangle, 
the upper beds of underlying formations in the adjacent slopes. 
On the narrower ridges the clay material that is re idual from the 
solution of the limestone is washed out, leaving only the barren chert, 
unfit for agriculture. The broa 'er ridges and flats, however, are 
able to retain the finer soil particle and consequently criv ri c to 
fertile though very stony soils. The topocrraphy developed on the 
Boone limestone possesses the u ual ink hol s and ob tructed hol­
low that are characteri ic of lime tone terrane, in whi h under­
ground drainage i likely to be ju t a effectiYe a urface lrainao-e. 
Sink holes may be developed on narow ricla- who e cr t are at 
most only a few rods wide. Much of th crround wat r that ·ink 
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into the Boone eventually e cape at the level of the base of the t. 
Joe, which is one of the two mo t persi tent pring horizon of the 
region. The other is at the ba e of the Everton. 

The andstone at the ba e of the Boon crop · out generally a a 
sand ledge that i relatively incon ·picuous, owing to its thinness. 
I n some place , especially in the neighborhood of Everton, where 
the member i thick and unu. ually ma · ·ive, it forms an overhanging 
rounded ledge that cap the bluff u ually d Yeloped on the Everton. 
The top surface of the ledc:re tend to develop a rock bench, of vary­
ing width, whose urfa e is peculiarly pitted, owing to the intimate 
differences in the cementing material of th oric:rinal rock, or pos i­
bly to peculiar difference. in the leachino· of a c ment that was 
originally 'homogeneous in its di tribution. 

FOSSIL: AND AGEl 

The Boone formation , including the t. Joe m mber, contain 
abundant fo ils, but no specia l study '"as made of them in the prep­
aration of thi report. The brachiopod and crinoids are the domi­
nant elements of the fauna, althouc:rh the crinoids are repre ented 
chiefly by stem fragments that are ind terminate a to c:renera and 
species. oral· and bryozoan are pre ent but not o prominent, 
and th pelecypod , gastropod and trilobites are rather rar .ou 

The only fossil found in the sand tone at the bas of the Boone is 
a fragment of a fish bone, compared to the g nus Dinichthys by 

lrich. The black shal in the and tone at the locality we t of 
Everton contain a few brachiopod of the c:renu Lingula and al o a 
well-preserved conodont fauna. The conodonts are also found in 
the black shale on King Branch. The followinc:r genera have been 
identified by R. . Ba ler from a small collection: P?~ioniodus, 

B1·yantodus, Lonchodina, Hindeodella, Polygnathus, Pahnatolepi , 
Panderoclella. According to Bas ler and lrich, pecies of these 
same general types are found in Tennessee in the Chattanooga sha.le 
and in the Hardin sandston , which is the ba al member of the 
Chattanooga shale and which they con ider to be of lower Mi is ip­
pian age. As d tailed faunal zon ba eel on the conodont have not 
yet been worked out for the Missi sippian, if indeed they exi. t, 
an exact correlation annot at pre ent be made between the Arkansas 
and Tennessee collections. On other evidence, chiefly the extreme 
thinness in places of the containing sandstone below th t . Joe 
limestone, and the evidence of gradation of this a.ncl tone into the 
limestone, the ·hales in the Yellville quadrangle are believed to be 

"'"For a deta iled study of tile Boone fauna at one loca lity in the Yellville quadrangle. 
see Girty, G. H., Faunas or the Boone formatit)n at St. Joe, Ark.: U.S. Geol. Survey 
Bull. 59 , pp. 5-50, 1915. 
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slightly younger than the Chattanooga hale. The conodont fauna 
would thu r epresent the survival of the Chattanooga fauna, under 
favorable conditions, into th e beginning of the next tarre of the 
Mi i · ippian. 

The Boone formation i · of 0 a.c:re and War aw (Mi sissippian) 
age. The t. Joe lime tone, a mall part of the overlying Boone 
beds, and probably the ba al sand tone, ar the ag equivalents of 
the F ern Gl n li!Tle ton th at occurs on the ea t flank of the Ozark 
dome. The re t of the formation cover the stratigraphic interval 
included in the Burlington , K eokuk, an l part of the ViTar aw lime-
tone of the Mi ouri Ozark .9 5 

TR.ATIG!l.APHIC REk\TlON . 

The base of the Boone marks an unconformity which, though its 
plane i extremely ev n , repr ent a greater amount of ero ion than 
any other in the tratigraphic ection. The tratigraphic br ak that 
is recorded increase in amount from south to north. Thus 12 
formations are pre ent below t he Mi i ippian in the outh half 
of the Yell ville quadrangle but to'Hrd the north boundary of the 
quadrangle all except 3 have been cut ont by pre-Mi i · ippia.n 
ero ion unle possibly some were never depo ited . The basal member 
of the Boone, at one place or another within the quadrangle, lies 
on every on of the preceding formation in the t ratigraphic section 
except the J oachim, Cotter , an] J :fferson ity. In many plac a 
mark d ang ular divergenc how for a hor t di tan e between the 
ba al m mber of the Boon and the bed of the underlying eries, 'but 
in general the unconformity i reveal ed by the manner in which the 
Boone overlap different units of the underlying formation . 

The Boon i overlain unconformably by th Hind ville limeston 
memb r of the Bate vill ·and ton . Th unconformity, at lea t so 
far as ob er ved in the Yellville quadrangle, i indi at d olely by 
the pre ence of a basal conrrlomerate in the overlying member . 

BATESVILLE SANDSTONE 

NA~lE 

The Bate ville sand tone wa. named from the tO\';rn of Batesville 
by Branner , although the name was first introduced into the litera­
ture by Simond 96 and P enro e,97 who reports appeared simul­
taneou ly in 1 91. 

oo I'UJ·rluc, A. n ., and Ml e •·. 11 . D.. .S. Cco l. Survey •<'OI. L\t la , Eu r l<a Spr i ng~-

f!Hnison fo li o (no. 202 ), pp. 10-tl , 1016 . 
.. illlOII dS, J.l'. w., Tbc geology or \Ynsbing to n ouu t y, Ari<.: .A t·ka nsns Geo l. ' un·ey 

Ann . Rept. fo r 1 , voi. 4 , pp. 49 - 3, 1 01. 
01 P enrose, H . A . l' .. .T r. , MAn):n n e~e. i ts " ·''"· o rcK. a nd cl~po~ tt s : Ar ka nsa s (;Pol. 

. u rvcy .\ nn. Hcpt . for 1 !)0, \'01. J. pp . 130- 140, 1 !11 . 

ao::71 - -a~--v 
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DISTIUBUTJO 

In the Yellville qua clrangl the Bate ville and ton is pre erved 
only in certain down-faulted block between Tomahawk anrl the 
head of Cane Branch. The mo t e. ·ren. ive outcro1. o cur on the 
uplands within a r adius of 3 mile of t . Joe, chiefl y east south, 
and southwe t of that town, but con iderable area of the and tone 
are pre erved on the ridge at the head of Cane Branch and on the 
northeast side of Tomahawk Creek in the general neirrhborhoocl of 
Tomahawk. Small exposures appear along the branch of T omahawk 
Creek that lie north of St. Joe and Pilot Mountain . 

THICKNESS 

The formation is 23 feet thick where its outcrop is cro ed by 
the Mi ouri & Jorth Arkan ·as Railway in the north limb of the 
St. J oe syncline, on Mill Creek north of t. Joe. The b d here 
dip about 25° SE. (strike N. 30° E.) , allowing the complete thick­
ness of the formation to be encompassed within a mall hori zontal 
distance. Ordinarily, where the andstone lie · in a horizontal or 
nearly horizontal position, it cap benche and ridges, so that its 
uppermost beds are either eroded or else very poorly expo ed if at 
all. Accurate measurements of thickness are therefore hard to make, 
but it is believed that the thickness developed in the t. Joe syncline 
is fairly repre entative for the qua lrangle, con ideri ng the fact that 
the formation i rather re tricted in distribution to the aen ral 
vicinity of St. Joe. A section measured on a small branch of Toma­
hawk Creek half a mile or so south of Pilot Mountain how 21 feet 
of Batesville without, however, the overlying Fayet teville being 
present. It is very probable that the 10 feet of sandstone forming 
the top of this outcrop represent the top of the Bate ville, so that 
the thickne given is approximately the complete thickness of the 
formation at this locality. 

CHARACTER 

The mo t conspicuous facies of the Batesville is a_ platy buff to 
brown micaceous sandstone, medium to rather fine grained and 
generally porous, owing to leaching out of the lime cement. In 
places it shows asymmetric ripple marks. The individual beds 
making up a ledge of the sandstone range in thickness from 3 inches 
to 3 feet, but the thinner beds are more common. The perfectly fresh 
rock from which thi sandstone type is derived is gray and very limy, 
re embling to orne extent a lime tone ; indeed, it grades in places 
into limestone. .At one locality on Tomahawk Creek north of 
Pilot 1ountain the fresh andstone is glauconitic. Beside these 
more andy types, the Batesville may show considerable shaly sand­
stone an d. andy mu ·covitic hale, generally gray in color when fresh , 
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but weathering to olive-drab or buff. t the verv edge of the 
quadrangle, 2 miles outh of t. J o , the ba al part of the Bate ville 
contains a con iderable thickness of black paper hale, suggesting the 
Moorefield shale that occurs beneath the sand tone in the Ba tesYille 
district. The section in the north limb of the t. Joe syncline a,l o 
contains 1 foot of blue-gray shale 7 feet above the ba. e, underlain 
by beds of l ime tone andy limestone and sandy shale. 

Both the shale and the lime tone of the Batesville occur in tl1<' 
ba al part, interbedded with ome sandstone; the thicker bed of 
sandstone (maximum 10 feet) occur at the top, although they may 
contain a few thin shale partings. 

A basal lin1e tone containing some interbedded sand tone and de­
scribed in the Eureka Springs-Harrison folio a the Hindsville lime­
stone member 98 is exposed in the Tomahawk region and at one 
locality south of Pilot Mountain but is not represented in the St. J oe 
syncline. The limestone of thi member is coarse-g1·ained and dark 
gray and gives off a bituminous odor when struck with a hammer. 
It occur in rather ma sive beds as much as 4 feet in thickness though 
generally less. The interlayered andstone i in beds 2 to 3 feet 
thick and is of essentially the same character as the andstonc of the 
overlyino- Batesville proper. 

The basal few inches of the member, con i ting of lime tone, locally 
contains rounded and angular frao-ments of chert some o:f which 
measure 3 inches aero althourrh diam ter of an inch or ll's pre­
dominate. The chert i dark gray, in place black and weather to 
red-brown. ome of the fragment contain ca of crinoid tem 
and are clearly derived from the underlyinCY Boone. South of P ilot 
1ountain the ba al 3 feet of the Hindsville i · oolitic. The Hinds­

ville is perhap 10 feet in maximum thickness in the Tomahawk dis­
trict and is at lea t 6 feet thick at the locality south of Pi lot 
1ountain. 
The limestone that occur a little hio-her in the ection, interstrati­

fied with the andstone and shale of the Batesville proper, are gener­
ally thinner-bedded than those of the H indsville and of the Boone 
and occur in zones not more than 2 or 3 feet thick. They range in 
texture from fine to medium o-rain d and a.re commonly rather sandy, 
muscovite being a common constituent. They areal o a lighter gray 
than the Hind ville limestone. 

The stratio-raphic d tails of the Batesville vary from place to place, 
only the rreneral dominance of the heavy sand tones in the upper 
part and the restriction of the lime tones and shales to the underlying 
b ds b inO' common to the different sections. L imestone is conspicu­
ous in the Tomahawk di tr ict but is very subordinate at St. J oe. I n 

•·• l 'u •·ciu(• . A. H ., a ud ~l io;r • · . 11. n., op. c i t. p . 12 . 
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the Ponca mining di trict, which lie in the Ha.n·i on quadrangle. the 
formation begin with a foot or le of andy clay hale. 

0 '!'C ilOP 

The upper platy ·and toHe · of th Bate ·ville form wide benches 
and long dip lope on which the and tone i in general poorly 
exposed but at the ame time well enough preserved a blocks and 
:lab in th andy oil to greatly hinder cultivation. Road are no­
toriously poor a -ro s the e Bate ville outcrop , on account of their 
tone-slab nature. · The rock makinO' up th lower part of th 

Bate ville are le s retiistant and are therefore expo ed only under 
the most favorable conditions, chiefly along drainage lines where 
erosion is most active. 

FUS LLS .\!'iD .\ GE 

The Bate vi lle i abunJa.ntly fo ilif rou in all of its cornmonoc 
lithologic phases. The fine-grained and originally limy character 
of the more mas. ive and tones make · them almo t a O'OOd collecting 
ground a th lime tone , although the fos ils contained in them are 
preserved as cats. The fatma differ f rom that of the Boone in 
the prominence of th pelecypod and ga tropods, but the brachio­
pods and bryozoans are till common elen>ent ·. rinoid stem are 
very common. A few trilobite and ostracode remain al'e pr se ut, 
but the~e foru1 s are not c·on picuou . ' Vorm trails are noticeable in 
some of the sandstones. No detailed study was made of the Bates­
ville fauna of the Yell ville quadrangle in the preparation of this 
report, but an earlier tudy of the quadrangle 99 and tuclies in ad­
jacent region 1 show it to be of Che ter ( upp r Mi is ippian) age. 

ST I.l .\TlG ll.\P !:l l C llEJ .d'l'lON 

The Bate ville is unconformable on the Boone, as bown by the 
!Jresence in places of a ba al ·onglomerate that contain fragments 
of chert derived from the underlying formation. It is overlain, 
apparently with conformity, by the Fayetteville sha~e . 

FAYETTEVILLE SHALE 

NA ME 

The F ayette,rille hale was named by Simond 2 from the town 
of Fayetteville Ark. In the Brann r report on the lead and zinc 

'" lri cb, Fl. 0., in Adums, G. r. , Purdue, A. II .. nnd Burcbnt·d, E. F. , Zinc nnd lead 
de1>os its of nortll em Arkansa s : . . Geol. Stll'V y Pror. Pnper 24, p . 104, 1904. 

1 Weller , Stun r t, The Batesv ille sa nd tone of Arknn as : New York Acad. Sci. Trnn ., 
,·o l. 16. pp, 251- 2 2. 1 97. Purdue, A. H., and ~li ~e •·. II. D.. .S. Ocol. Survey Geol. 
At Ia ·, Eu reka Springs-Ilnl'l'l ,o n folio ( no. 202) . p. 12. 1916. ~c nlso Girty , G. u ., The 
faunn or the Batesville sandstone of northern Arkttn . as: U.S . Ocol. Survey Bull. 593, pp. 
17-2ii, 1915 . 

. imonds, F . W., op. dt., pp. 4:2--48. 
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depo its it wa called the t" Mar hall 8 hale" and the name : Fay­
etteville" was applied to the Moorefield shale, which und rl ies th 
Bate vill andstone at Mar hall. The 1oorefield hale i apparently 
ab. ent from the Yell ville quadrangle, although orne black paper 
hale at the base of the Bate vi lle on the ed<Ye of the quadrangle, 

2 mile south of St. J o may repre ent it mo t northerly extension. 
Ulrich's work as part of the Adams report 4 fir t showed the true 
rela tions of these variou form ations above t.h e Boone in northern 
Arkansas. 

Dl 'TIUB TJOl'\" 

The Fayetteville has a rather re tricted di tribution in the Yell­
ville quadrangle. It i preserve 1 in one down-faulted block between 
the old town of t. Joe and Pilot Mountain and in another along 
the northeast side of Tomahawk Creek between Davy Crockett 
f ountain and Tomahawk. A third occurrence is a very small out­

cro p in the angle of a faulted wedge on the prong of T omahawk 
Creek that lies north of St. Joe Mountain. 

TTIICKNES 

Owing to lack of favorable expo ures, no satisfactory determina­
tion of the thickness of the Fayetteville could be made, but the 
estimated thickne i between 150 and 200 f eet. In the HatTi on 
quadrangle, to the we t , it varie locally within short di tance , from 
30 to 350 f eet . 

Cll ARAOl'ER 

The formation consists of a black hale at the base that g rades up 
through drab sandy shale into a buff to brown sandstone, the \ Ved­
ington sandstone member, at the top. Although no hale wa ob-
erved to overlie the W edington uch as i reported in the quadrangle 

to the we t,5 it cannot b affirmed that uch a hale does not exi t, on 
account of the very poor expo ure at thi horizon . If pre ent, 
however , the hale must be thin. Ulrich,6 who has perhaps studied 
the outcrops of th Fayetteville in th St. J oe region more thorou <Yhly 
than the writer, tates that in the vicinity of St. Joe and Pilot 
Mountain the upper shale of the Fayetteville [overlying the Wed­
in<Yton, although he doe · not commit him elf to the conclu ion that 
the andstone i. W edington] i either wanting or only a few feet 
thick. 

• Mar ha ll is the county scat o( ru-e)· lounty, lying severa l mi l s sou th of the 
Yell ville quad rangle. 

• l ll·icb, F.. 0. , Determ ination and correlation of formations [ in not·tbern .Arkansas] : 
.. Geol. Survey Pt·or. rape r 21, pp. 102-109, 1904. 
• P urdue, A. H., nod Miser, H. D., op. cit ., p. 1<!. 
• Ulrich. E. 0., in Adams, G. I. , P u rdue. A. ll., and Burchard, E . F ., Zinc and lead 

depo its of nor t hern .Arkau a : .. G ol. • un' y P rof. Paper 24, p. 108, 1904. 



Q ZI '"0 AND LEAD DEPOSITS OF ORTHERN ARKANSAS 

The basal hale is fi ile and may be finely micac ou ·. In places 
it contains septarian nodules-black limy concretions as large as 4 
feet that are traver ed by irregular veinlets of calcite. Some of 
these nodules contain fine a-ranular pyrite along tll.in curving planes, 
similar in occmT nee to what mio-ht be expected if the pyrite had 
replaced the shell of a pelecypod. The black-sha le ph a e of th 
Fayetteville i e pecially prominent in the town of t. J oc and alon a­
the main hio·hway for a mile or so northwe t of the town. 

pward from the ba e an olive-drab shaly and tone begin · to 
come in, at fir t merely as a parting that recurs on a rather fine scale 
in the shale, but increasin()' CYradually in promin nc until the relative 
proportions are reversed, and the hale appears only a thin films 
in the thin-bedded sand tone. At no place v.·as a complete expo ure 
of this shaly sandstone phase ob ·erved, but it is in place at lea t 70 
feet thick. The upper part of it might logically be cla sed with the 
Wedington: but as there is no clear-cut line of demarcation between 
this part and the underlying hale, it ha. been grou1 ed with the 
lower unit, the name " vV edina ton " be in o· re ti·icted to the more 
typical sandstones at the top. 

The Wedington sandstone is a thin-bedded medium- to fine-grained 
buff to brown sa ndstone that closely resembles the Bate ville. Like 
the Batesville, it generally show · muscovite mica on the bed ling ur­
fa ce . Some of the sand tone block that accumulate on the weath­
ered surface show a pronounced reddi h tinge, but when the ro k is 
broken this color is commonly en to be con fined to a zone near the 
surface, decrea ing in intensity toward the center of the block. It 
i tlm evidently related in origin to weathering. The We lington 
is apparently only a few feet thick, but it i · po ible that there are 
two or three such sands separated by shaly beds and if so the thick­
ness of the interval over which they occur may amount to 40 or 50 
feet. Exposures are ordinarily too poor to determine the exact 
relations. 

OUTCROP 

The Fayetteville shale, owing to it nonresistant character, tends 
to form lowland on which it is very poorly expo ed except in scat­
tered outcrops along orne of the stream bed that traverse it. Around 
the bases of St. Joe and Pilot Mountains it is largely concealed by 
debri from the lopes above. Around St. Joe its outcrop is largely 
occupied by farm . S.ome of it best expo ure are along the head­
water pronU'.· cf a mall i.J rarH.:h that 'nter,; Tonnthawk reek fr om 
the north near the line between R-. 16 and 17 W., 2 mile.· east of 
Pilot Mountain. H ere, where steep headwater gradients prevail, 
erosion has been vigorous enough to carve small canyons in the soft 
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shale, leaving the formation expo ed in walls that are too teep for 
a mantling cover of oil to form. 

The W edington, in an area wet of Tomahawk, caps tvro or three 
poorly defined ben ·hes but is rarely expo ed in place, appearing in­
stead in the f orm of andstone blo ks that mantle the ubjacent 
slopes. The same type of outcrop i · shown on the lower slopes of 
St. Joe and Pilot Mountains, although the sandstone is expo ed m 
place over a small area in the saddle between the two mountain 

FOSSlLS AND AGEl 

Both th e black-shale phase and the sandstone member of the 
Fayetteville contain marine fo sil . The shale hold very few spe­
cies, consi ting of small pelecypod and ga tropods. The most com­
mon form is a small thin-shelled, concentrically ringed pelecypod. 
The Wedington is much richer in the number of species, the bryo­
zoans, brachiopods, pelecypods, and, to a less extent, the gastropods 
being well represented. Especially conspicuous are individuals of 
the bryozoan genu A1·chimectes, a form that resembles a nontapered 
screw except that it lack a prominent central haft. Although 
this fossil also occurs in the Batesville sandstone, which i very 
similar lithologically to the Wedington, it is not nearly so common 
in thi lower sand tone. A few cephalopod remains occur in the 
Wedington, but they are not conspicuou.. The fauna of the Fayette­
ville shows it to be of Che ter (upp r Mis issippian) age. 

TRATIGRAP:Ffl RElLATION 

The Fayetteville bale is conformable on the Batesville and is 
overlain everywhere by the P.itkin. The writer found no evidence 
in the scanty expo ures of the St. Joe r gion to indicate that the 
Pitkin conta t is not also conformable. lrich/ however, states 
that an unconformity was definitely recognized at this horizon in 
several sections near St. Joe. 

PITKIN LIMESTONE 

NAME 

The Pitkin limestone was named by lricb and Adam 8 from the 
post offi e of Pitkin , in Washington County, Ark It wa known 
in the report of the Arkansa urvey, including the Branner lead 
and zinc report, as the t A1·chimedes lime tone, from the prominence 
of the fos il bryozoan of the genu A1·chimedes. 

7 Ulrich, E. 0., Determination and correlation of formations [in northern Arkansas] : 
U.S. Oeol. urvey Prof. Paper 24, p. 108, 1904. 

• Idem, pp. 27-28, 109. 
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l)ISTRIBUTION 

The Pitkin is preserved in only thi·ee place in theY lh·ille quad­
rangle-in St. Joe Mountain, in Pilot !fountain, and in a dovvn­
faulted block 2 mile northea t of Pilot Mountain-all in the general 
St. Joe-Tomahawk di trict. 

Tll lCK~E S 

The formati on varie in thickne between 5~ f et at th east end 
of Pilot Mountain and 115 fe t at the west end, only a mile or o 
away. The abrupt variation appear to be due to the un conformity 
at the base of the overlying Pennsylvanian series. The thickne s on 
the outhwest ide of t. J oe Mountain i 60 feet. 

CHA~LcOTElt A "D 0 TCROP 

The Pitkin i typically a gray to dark-rrray bituminous lime tone, 
somewhat darker than the Boone. C rtain b d , when lightly 
weathered, take on a grayi h-brown tinge, and these beds may show 
leached pores with an ocherous or brownish-red (iron oxide) lining. 
The texture of the lime tone is fine-grained to dense, and the un­
fo siliferou pha es exhibit thi texture throurrhout but a high per­
centage of the beds a1'€ so thickly studded with calcite plates of 
crinoidal and perhaps other fos il orirrins a to give the impre ion 
of being very coarse grained. Most of the calcite plates are lath­
shaped rather than rounded or partly rounded and ar a quarter of 
an inch or so in maximum length. Oolitic bed occur both within 
the formation and at it very top. A little concretionary bert 
app ars near the ba e. A few of the unfo iliferous zones are very 
thin bedded and platy, but the formation is on the whole rather 
massive, in beds from 2 to 4 feet thick. It crop out as a series of 
superposed thick blocky ledge ·, locally forming low bluff , but 
there are stretches where it i concealed by debri from above. 

FOSSIL A "0 AGEl 

Certain beds in the Pitkin are totally barren of !os ils; others 
al'€ highly fos iliferous. Fragments of crinoid stems are very con­
spicuous, and some of them are as much as an inch in diameter. 
Brachiopods, bryozoans, and corals, e pecially solitary cup corals, 
are all abundant. The bryozoan genus il.1·chimeites is very common. 
Trilobite remains are sometimes found in the Pitkin, as well as an 
occasional pelecypod. Cup corals, crinoid stems, and Archimedes 
occur in an oolitic lim <=tone nt the top of the formation on the 
northea t ide of St. J oe Mountain. The fossils of the Pitkin show 
it to be of upper Chester (Mississippian) age. 
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The Pitkin rests on the Wedington sandstone member of the Fay­
etteville or, in places, according to Ulrich (see p. 79), on the over­
lying thin shale of the upper Fayette ille. Although as far as the 
writer 's ob~ervn tion go the contact seems to be conformable, Ulrich 
states that an unconformity wa definitely recognized in everal 
sections near St. Joe. Purdue and Miser suggest that the super­
position of the Pitkin on different members of the Fayetteville in 
different regions within the Harrison and Eureka Springs quad­
ran<Yles may indicate an unconformity at its ba e, but they found 
no other evidence of such a break. 

The Pitkin i unconfonn::~ bly overlain by the Morrow <Yroup of 
the low r P enn ylvanian , which has a ba al conglomerate containing 
pebbles of limestone derived from the Pitkin. 

PENNSYLVANIAN SERmS 

:M ORROW GROUP 

The Morrow formation a originally defined by Adams and lrich g 

was later subdivided into the Hale formation below and the Bloyd 
shale above. The Hale formation is the only one of the two that 
occurs within the Yellville quadrangle. 

H ALE FORMA TION 

' A~lE 

The Hale formation wa originally named a a member of the 
Morrow formation by Taff 10 in 1905. The name i taken from Hale 
Mountain, in Wa hington ounty, Ark. In the Branner report the 
rocks here de cribed a the Hale were called the t "Washington shale 
and and tone", and in the Adam r port they were treated as a part 
o£ the Morrow formation. 

OlSTIUR\"1'10:<1 AND THICK:<:E S 

The Hale formation is pre erved in the Yellville quadrangle only 
in t. Joe and Pilot Mountain near t. Joe. It shows an average 
thiclmess of about 190 feet. 

H.AR .. <\ TER 

The formation con i ts of interbedded shale, andstone, limestone, 
and conglomerate, with all intergradations between these types. 
At no place can a ection be examined that is anywhere near com-

0 Adam , G. I. , nnd othc•·s, Zinc nod lend deposits of northern Arkansas: U.S. Geol. 
Survey rrof. Paper 24, pp. 28, 109-113, 1904. 

10 Tall', J . A., U.S. Geol. Sur vey Geol. Atlas, Tnhlequnb fo lio ( no. 122 ), p. 4, 1905. 
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plete; nevertheless, i olated outcrop here and there on the slop s 
of the two mountains give a fair idea of the formation as a, ' hole 
even thouo-h th relation between these various outer p cannot 
be determined at least without an exhau ti ,·e examination that is 
beyond the cope of the pre ent repo rt. 

The formation begin "''ith a ba al conglom rate, which is only 1 
or 2 feet thick where it was ob. erve l at tb ea t nd of t. Joe Moun­
t,ain. The :fraO'mentAl material making up the cnnO'lomera te includes 
types evidently derived from th underlyin()' Pitkin- nam ly p b­
bles as much as 2 inches in diameter of very fine O'rained dark-gray 
limestone; pebble of fine-grain d drab lim tone that weather y 1-
low; pebbles of oolite identical in type with that of th Pitkin ledge 
on which the conglomerate rests· and worn remnants of ?''Chi­
medes, crinoid terns, and cup corals. Le s common pebbl of fine­
grained gray limy sand tone may have come from ither the \Veding­
ton or the Batesville, or perhaps from both althou()'h the V\TedinO'ton 
seems the more probable ource. Decid dly subordinate are p bbles 
of white chert that may have come from the Boone, but thi ource 
is perhaps somewhat more open to question. \. fairly plentiful type 
of uncertain origin consi ts of browni h-black argillaceou p bbles, 
only in part limy, that re emble the phosphatic p bbl contained 
in the basal sandstone of the Boone. All the pebbles in thi basal 
<:onglomerate of the Hale are fairly "'ell rounded. Th matrix in 
which they are embedded is browni h-gray to reddi h-gra,y lime­
stone, not alway barply separable from certain of the Pitkin lime­
stone pebbles. 

On the south side of St. Joe Mountain the basal member of the 
Hale is a ledge, 5 feet in maximum thicknes , of brown medium­
grained sandstone that contains scattered through it angular quartz 
pebbles similar to those characteristic of the overlyinO' Winslow. It 
also contains in places pebble of dark-brown shale 3 inches or less 
in diameter. 

Some of the shales occurring in the Hale formation are of the 
extremely fis ile black paper-shale type; others are limy or sandy, 
gray or olive-greenish, and nonfissile, though they may still be rather 
thin bedded. The black paper hales locally and rather sparingly 
contain thin platy concretions of buff to brown clay jronstone. The 
lower 60 feet of the formation on the southwest slope of Pilot Moun­
tain is composed largely if not wholly of black shale. 

The sandstones are similar on the ,,.,hole to tho e of the Wedinoton 
and Bate ville. T hey ar generally m.edium to fine grained, and a 
large percentage of them are haly. Muscovite, occurring in fine 
flakes along the bedding planes, is a common constituent. Certain 
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beds, besides the basal 1 dge on the south side of t . Joe Mountain, 
already mentioned, contain scattered pebbles of white quartz of the 
type that is characteristi of the overlying Winslow. Although here 
and th re a rather pur andstone may be whitish, the more normal 
color of the Hale and. tones O"rades from drab or more generally 
buff to brown. Ian) of the loose blocks lying on the surface how 
the reddi h tin~Ye, produced by urficial weathering, that is char­
acteri tical o of the We linaton. 20-foot bed of sandstone exposed 
at the a t end of t. Joe Mountain is very limy and carries numerou 
crinoid stems. This bed is dark brownish gray but weathers dark 
brown. It is thin bedded but poorly bedded. 

The Hale lime tone ar usnall) . andy or haly, but a few beds 
of fairly pure dark-gray lime ton , a much a 3 or 4 feet thick, that 
resemble certain phases of the Pitkin, appear in the section. Some 
uf the andy lime ton are almo t black; others are dark O"ray or, 
where more weathered, dark brown. The bedding is usually mas iv , 
but in one locality a 4-foot thicknes of andy limestone was observed 
to be cro s-bedded at a low angle. 

OUTOROP 

The formation a a whole i a topographically weak unit. Its 
u ual topographic expre ion is in the form of a slope mantled by 
a considerable thickne of debris in which blocks of sandstone, 
derived not only from the formation it elf but from the overlying 
Win low a.r con picuous. In this lope a rounded ledae of sand-
tone r lime tone may crop out in plac or hale may b exposed 

in om hallow O"ully, but such xposur are not exten iT'e. nor do 
they eem to be of more than accidental oriO"in . 

FO ILS AND AGE 

Th calcar ous ediment of the Hale formation including the 
limy an l tones, are very fo iliferous. The fauna i a varied one. 

rinoid terns are p cially conspicuou , but other type are well 
repre ented, including the coral , both colonial and solitary, the 
bryozoans, brachiopods ga tropods pelecypods, and to a le ext nt, 
the cephalopod . Trilobite remain are occasionally found but are 
not common. The fauna is clo ely related to that of the Bloyd shale, 
which ov rlie the Hale formation in the quadrangles we t of the 
Yellville but which was removed by ero ion before the depo ition of 
the Win low formation in the Yellville quadrangle. The age is 
Pottsville (early Pennsylvanian), but the oricinal correlation was 
based on the fo sil flora of the overlying Bloyd shale rather than on 
the invertebrate marine fauna of the Hale, which is very different 
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frOIID and older than other marine faunas known from the P ennsyl­
vanian of Kansas, Missouri, and Illinois.11 

TRATIGRA.PHIC RELATIONS 

The Hale is unconformable on the Pitkin in St. Joe a.nd Pilot 
Mountains, having a basal conglomerate. In the Eureka prings 
and Han-ison quadrangles the plane of unconformity run ates suc­
cessively older formations to the north, until in the northernmost 
outliers of the Boston Mountains the Hale rests on the lower part of 
the Fayetteville.n It is overlain unconformably by the Winslow 
formation in St. Joe and Pilot Mountains, but in the Harri on quad­
rangle around Ponca and in a good part of the Eureka Springs 
quadrangle it is overlain conformably by the Bloyd shale. This 
shale was removed by erosion before the deposition of the Winslow 
farther east. 

BLO YD SHI\L£ 

Although the Bloyd shale does not occur in the Yellville quad­
rangle, it is present in the Ponca mining district of the Harrison 
quadrangle, and to make the li t of formations likely to be en­
countered in the lead and zinc districts complete, the following brief 
description is abstracted from the Eureka Springs-Harrison folio. 

The formation was named in 1907 by Purdue,12 from ~xposures in 
Bloyd Mountain, Washington ounty, Ark. In its complete de­
velopment the formation is a carbonaceous clay shale, containing two 
limestone members near the base. The lower of these, the Brent­
wood ( = t Pentremitallimestone of the Branner report), ranges from 
3 to 30 feet in thickness and lies at or within 10 feet of the ba e of 
the formation . The upper limestone, called the "Kessler", is from 
2 to 10 feet thick and lies 10 to 20 feet above the Brentwood. 

In the southwest corner of the Harrison quadrangle the Brent­
wood limestone fonns the base of the folUllation and is overlain by 
shale, but neither the Kessler nor the shales that overlie it are ex­
posed, although the thickness of 70 feet for the Bloyd,- recorded near 
Ponca, suggests that these beds may be present but not exposed. 

The Brentwood generally consists of a ingle bed, but south of 
Compton, in the Harri on quadrangle, there are two beds ·eparated 
by 6 feet of shale. The limestone is "heavy-bedded bluish to gray, 
highly fos i liferous, partly crystalline, hghtly porou. to compact, 
and in part. omewhat rusty." The hale normally lying between 
the Brentwood and Kes ler lime tone· which is the shale overlvino l oTA 0 

u Purdue, A. H., and Miser, H. D., U.S. Geol. Survey Geol. Atlas, Eureka Springs­
Harrison folio (no. 202), p. 14, 1916. 

"'Purdue, A. H., U.S. Geol. Survey Geol. Atlas, Winslow !olio (no. 1114), p . 3, 1907. 
Purdue, .A. H., and Miser, H. D., op. cit., p. 15. 
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the Brentwood in the Ponca district, i a "thinly fissile black clay 
shale with thin layers of andstone near its ba e.' 

The two lime tones of the Bloyd contain a rather abundant marine 
fauna that is very clo ely r elated to that of the underlying Halo. 
Many of the pecies are new and undescribed. The genera repre­
sented are in large part the ame as those occurring in the Missis­
sippian (Pitkin and lower), but very few of the species are iden­
tical, although many are closely related. On the 10ther hand, some 
of the species are identical with known Pennsylvanian species. The 
shale between the two limestones contains in place a fossil flora of 
Pottsville age, and it was on the basis of this flora that the first as­
signment of the Bloyd shale and the underlying Hale formation to 
the Pennsylvanian was made. The Bloyd overlies the Hale con­
formably and in turn is overlain unconformably by the Winslow. 

WINSLOW FORMATION 

'AME 

The Winslow formation was named by Adams in 1904 13 from the 
town of Win low, in Washington County, Ark. It was called the 
t' Millstone grit" in Branner' report on the lead-zinc district. 

DI TRJBUTION 

Only two occurrence of the Winslow formation are shown in the 
Yellville quadranale-<>n apping Pilot Mountain 2 miles northea t 
of St. Joe, and th other apping t. Joe Mountain, 11/2 mile · we t 
of Pilot fountain . Outside of the quadrangl , however, the forma­
tion is extensively develop d in the Bo ton Mountain where it form 
the unlmit of most of th high ridge . 

TRICl' E 

On t. Joe Mountain only the ba al - to 10 f et of the formation 
i pres rved but Pilot Mountain i capped by 130 feet of sediments 
referable to the Win low. Even thi thickne repre ents only the 
ba al part of the formation , which ha a total thicknes of 500 feet 
in the Eureka prinas quadranal and 2 300 feet in the Win low 
quadranale. The Atoka formation ' ith which that part of th 
Win low occurring in the Yellville Harri on, and Eureka Sprinrr 
quadrangle is correlated, i 000 to 9 500 feet thiclc in the Arkansa 
Valley outh of the Boston Iountain .14 

•• Adnms, G. I. , and others, llluc and len<l depo its of northern Arkan n~: U.S. Geol. 
urvcy Pr·of. l' apcr 24, p. ~9, 1904. 
" r·onel•, Cnr·ey. Geology of th ~ .\ J·IwnM s Pnkozolc urea: A1·Iw n as Grol. ·un- y 

But!. : , Pll. llG, 119- 132, l!l30. 
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CHAI~A 'l'ER A ' D OU1'Cil0P 

The lower 0 feet of the \iVin lo"· on Pilot Mountain i · a ma. ·i 
buff and ton , varying in ome pia e to whiti h and in other to 
browni h reI. It is e pecially characterize 1 b} numerou · round d 
white quartz pebble in the ba ·al 20 fe t. Th e p bbles averag 
a quarter to half an inch in diameter , but <t f w reach thr e-quarteT 
of an inch. The and ton in which they aJ'e embecld d i ompo ed 
of coarse, rather angular quartz g rain an l i · C'l'OSs-bedd d . b \' 
the ba al 20 feet th e and tone i · more m dium-O' ra ine 1, i · slightly 
mu covitic, and i. cro. -bedde l only in certain zone , th inclividnal 
beds makin()' up a cro · ·-bedde ] interva l ranging b twe n 6 in he· 
and 2 feet. Th whole nn l tone member ten 1 to crop out a · a 
single ma ive ledge. Huge block brea k away and may ·cttle 
slightly down the lope without rotating to UJl} great xt nt from 
thei r original position or, on the other hand th ) ma y roll or : lump 
lown the : lope and ev ntually come to re tat con i lerable eli t anc 
from thei r point of derivation. OwinO' to thP hiO'hly re i tant 
nature of the ba ·al part of the sand tone block containinO' the 
quartz pebble are very con picuou over the lope and around the 
bases of both Pilot and t. Joe fountain . 

The rock in the top 50 fe t of Pilot -:\[ount<tin. above the 0-foot 
ledge, are I oo rly expo ed ~1n t1 evidently ·ontain ·o1n t> : haly bPtl!-; . 
The fe,v expo ures con i. t of dominantly buff m dium-grained !-; ~wei­

tone, in part mu covitic. In common with the IV ]in crton . and. tone 
and ·and tone of the Hale formati n expo ed urfa e of thi. 
and:tone take on a r cldi h cru t, the c lor in place approa h ing a 

hematite-red . Black cru t are al o forme 1. Thi t p part of the 
en e crop out a a <lebris-CO\'ered ·lope, in which the and tone 

block are con picuou. : urm otwted by a flat though nart'O\Y tnp 
to th mountain. 

AUE 

No fo ·s ils have b en found in the Win low fonnation within th 
Yellville quadrangle. The Atoka formation of the A.dmnsas Vall y, 
with which the e beds are correlated . i of Pott vill (Penn yl­
vanian) aae. 

TR.A'l'IORAPHIC RELATIO." ' 

The Win low on Pilot and St. Joe Mountain i unco nform able 
on the Hale formation, as indicated by the ab. encc of the Bloyd 
hale, apparently owing to erosion preceding the leposition of the 

Win ·low. vVhere the Bloyd shale is pre erved in the Eureka 
prings quadrangle and in the southwest corner of the Harrison 

quadrangle, the Winslow overlies it, also unconformably. 1 5 

"'Purdue, A. H. , and Mlser, H. D., U.S. Geol. Sut·vcy Geol. Atlas, Eu reka Springs­
Harrison folio (no. 202), p. 16, 1916. 
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STRU CTURE 

GENERAL FEATURES 

GENERAL CHARACTER OF TR CTURE 

Stated in a general way, the trata of northern Arkan as, north of 
the Bo ton Mountain , show an approximation to horizontality over 
the greater part of the area but are locally marked by simple disloca­
tions along fault , by depressed blocks (graben ) bounded by faults, 
and by monoclines, low dome , and shallow basin that in places are 
of considerable magnitude. Away from the more disturbed areas the 
trata that appear to be es entially horizontal show when mapped in 

detail low-angle dips that are generally measured in term of feet to 
the mile. These dips are inclined in various direction , producing 
minor undulations that are be t hown on structure-contour map . 
Owing to cru tal movements between the time of depo ition of un­
conformable formation , the structure contoured on any giYen horizon 
may differ considerably in its flatter portions from that on any other 
horizon. Better-defined tructural feature , such as monoclines and 
ba in , tend to be common to all the geoloaic horizon but are more 
pronounced in the older formation . The accompanying <:tructure­
contour map of the Yellville quadrangle (pl. 3, over heet) wa drawn 
on the ba e of th t. Joe lime tone member of the Boone, whi h crop 
out more widely than any other horizon in the quadrangle. 
The map pi tures only the tru tural deformation that ha taken 
p lace ince the d po ·ition of the t. Joe m mber. ontour on a 
horiwn in th Lower OrdoYician w ul] include not only the po t - t . 
Joe d formation but also the deformation that o curred bet\'>7een 
Lower Ordovician tim and the beginnina of th Mi si ippian. 
Owina to the 1 exten ive outcrop of Ordovician k ) horizon 
within th qua.dranrrle, th con truction of ·uch a map ha not been 
attem.pt d for the quadrangle a · a whole. Plat 4, oversheet A , bows 
the ru ·ture of the t . P eter and tone in the Ru h minino- district, 
and for com pari on plate 4 over beet B, on the ·ame a l , how 
the t.ru tu re of th e bas of the t. J 08 lime tone. 

RECIO AL DIP 

The location of th e lead an l zin field on the outh flank of the 
Ozark dome det rmincs the direction of the Hcrage regiona l dip­
namely, to the outh. Pm·due and Mi er/ 6 from a tudy of. tructur -
contour map on the top of the Boone formation, tat that the bed 
·how a light dip to th outh, which i apparent in the Eur ka 
pring. quadrangle but i largely di gui eel in th Harrison qua 1-

10 l'ul'dll ·. A. II .. nml :\! lscr , II . D .. l: ' ro l. Sun·r .'· l; rol. .\ lin•. Eu ·t•ka Sprin gs . 
I [al'l'i s o n folio (no. 202 ) . p. Hl. 1910. 
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rangl by minor folding. In the Yellville quadrano-le tb reo-ional 
dip is not evident in the map contour d on th ba:c of the St. Joe 
limestone. There is, however an irr gular lowerino- of the average 
altitude of this horizon from north to outh, even thouo-h i olated 
structural high at the south, uch a tho near algado an d Mount 
Hersey and along the north side of the Mill Creek graben may attain 
as QTeat an altitude as any of th i olated highs at the north. Mo t 
of tho lowering to the south is accomplished along th t. Joe and 
Water Creek monoclines and faults connected with them, pecially 
the Rush Creek fault. The altitude of the ba al Mis issippian over 
large area in the northern part of the Yell ville quadrangle i. only 
400 to 500 feet lower than the altitude of the ·ame horizon on top of 
the Ozark dom , in Ji ouri.1

' 

If a horizon in the Lower Ordovician w r contoured, a more pr -
nounced regional dip to the south would be evident. The Everton 
formation and tho e above it to the ba e of the Mi is ippian, 
amounting all told to ·everal hundred fe t in the outhern part of 
the quadrangle, are trw1cated northward o that thi whole thick­
ness of rocks is completely cut out at the northern limit of the area 
covered by the map contoured on the ba e of the t . Joe. H ence, 
to any regional dip in the Mi sis ippian there will be added, in 
Lower Ordovician bed , a con iderable ffect du to the div rgenc 
of these lower bed from the Mi issippian in the lirection of the 
regional dip. 

EVOLUTION OF THE OZARK DOME 

The question whether the steepening of regional dip on the outh 
flank of the Ozark dome during the Paleozoic era took place in only 
2 or 3 di tinct teps or was, on the other hand, a gradual and 
continuous process, is of considerable interest because of the light 
that it may throw on the structural evolution of this dome. No perti­
nent evidence can be obtained from a study of the Yellville quad­
rangle alone, but a r egional study in northern Arkan as of the vari­
ations in thiclmess of different formations in th~ Paleozoic is 
sugge tive. Thus, with the exception of the Bras fi ld limestone, 
all the formations of the Yell ville quadrangle lying bet we n the 
base of the Everton and the ba e of the t. Joe are present in the 
Bate ville district 60 miles to the ·outheast,18 but all of them are 
there considerably thicker. In addition, certain formations lacking 
in the Yell ville quadrangle are well developed in the Batesville 

17 Sieben thai. C. E. , Origi n of the :r,inc a ud lead deposits of the J oplin region : .S. 
Geol. urvey BulL 606, pl. 4, 1916. 

18 Miser, H. D. , Deposits of mangnnese ore in tbe Bntcsvll lc dist ri ct, At·lc: .S. GcoL 
Survey BulL 7~4. pp. 16-36, 1922. 
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li trict. A cro ection between the t'vo di tri t thu how a fan ­
like in rea.-e in th thickne s of th . ediment · to the outbea t. 
"\Vhile thinninO' to the north\\·e t ma be due, in unknown part, to 
lack of depo ition of initial depo it of the different formation by 
overlap higher on th flank of th Ozark dome,I9 it i · al o certainly 
due to differential uplift and erosion in this direction. The fact that 
each formation in the Yell ville region how considerable and often 
abrupt variation in thiclme · from place to place beneath the for ­
mation that next overlies it in the normal ection, taken in conjunc­
tion with the fact that abrupt incr ase may be limit d to detach d 
tructural ba in , i evidence that uplift and ero ion have played an 

im.portant part in thinninO' the formations in thi region . If it can 
be a sumed that thi proces ha been the major factor operating, 
then the evidence eem to be clear that the Ozark dome has been a 
region of rep ated mall differential uplift that continued from 
Everton or earlier 20 time up to and beyond the period of Boone 
depo ition, probably to the end of the Paleozoic era. Thinning by 
overlap would not materially alter thi general conclusion except 
that the thinning would be accompli heel by a mall r number of 
uplifts, for the formation abo ,·e a well a that below an unconform­
ity is thinned by overlap. 

It hould be borne in mind that the ection between Yellville and 
Batesville, which run from northwest to outhea t, is imply one 
compon nt that how a fanlike increa away from the Ozark dome. 
Perhap · a ection more nearly north and outh, radial to the dome, 
would how a mor abrupt thick ning a~my from the dome. 

RE URRE T DEFORMATION 

peculiarity of northern rkan a tructure i the tendency for 
certain fold to b ac entuat d in the older bed , indicating that the e 
fold w re e tablish l at an early date and that lat r cru tal m.ove­
m nt imply inten ified them. 'l'hu the Water reek monocline, 
which is a pronow1ced north a t- outhwe t f ature on the ba e of the 

t . J o lime tone linu fairly d finitely the di tribution of the 
Ordovician and ilurian formation above the Everton to its down-

'"For Jntet·pretat I on of U1inntn"' of trntn on top of the Ozark dome by overlap 
rlurtog Cambrian and ea rly Ordovician time e :\lcQueen. U. S., Iosoluble residues as 
a guide In stratigraphic studies: Missouri Bur. 0 ology and Mines 56th Blenn. Rept., 
pp. 126-12 , 1930; Bridge, Josiah , Geology of the Emioeoce and Cardnreva quadrangles: 
Missouri But·. G ology and Mines, 2d ser ., vol. 24, pp. 69, 110, 1930; Dake, C. L., 
Geology of the Potosi nod Edgchll l quadrangles: Missouri Bur. eology nod Mines, 
2d ser., vol. 23, p. 153, 1930. 

'"'According to J()Siah Bridge (p r onn l comrounlcntion) a study of formational dis· 
trlbutlon nnd thicknesses tht·ougbout the Ozark region Ind icates that such dltl'erential 
uplift had b gun as early ns la te nmbrinu time. 

60371-35--7 
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thrown side. This indicates that prior to the widespread erosion 
that preceded the invasion of the Mississippian sea, uplift was 
greater northwest of the general line of the present monocline than 
it was southeast of it. The Cabin Creek monocline shows a imilar 
control in limitinO' the distribution of the t. Peter, Plattin, and 
Fernvale on the north. Preservation of the Fernval lime tone in 
the Panther Creek and Rock reek ba ins and in the Ru h re k and 
Mill Creek grabens, while it has been eroded :from their variou rims, 
shows that these structural depressions likewise originated before the 
deposition of the St. Joe limestone and have been later inten ified. 
Similar evidence shows that at lea t the north limb of the depression 
that later became the Tomaha,vk graben was developed before the 
deposition of the St. Joe, although there is no evidence of faulting 
at this early date. The Water Creek basin at least on certain of its 
limbs, limits fairly definitely the di tribution of the Plattin limestone 
beneath the St. Joe. 

The examples cited how that cru tal movements which produced 
certain structural f ature at some time between the deposition of 
the Fern vale and the depo ition of the t . Joe were continued along 
the same line after St. Joe time, accentuating th earlier d :fonna­
tion. There i in addition orne evidence to show that sev ral of 
these structural features were in exi tence even in pre-F ernvale 
time a.nd that movement took place along them at some time be­
tween the depo ition of the Plattin and the der o ition of the Fern­
vale. The evidence comes from a study of the variations in thick­
ness of the Plattin beneath the F ernvale. The thickest sections of 
Plattin limestone tend to lie in the . arne structural depre sions 
that have been mentioned as the ites of movement before and after 
St. Joe time. Although as a general ru le the Fern vale has been 
removed on the structural highs adjacent to these depressions by the 
erosion that accounts for the unconformity at the base of the St. 
Joe, locally it is still preserved, and in such places the Plat tin be­
neath it is not so thick as in the depressions. Thus, -a long the Buf­
falo River between the mouth of Cedar Creek and the "narrows" 
the Plattin is in places estimated to be from 70 to 100 feet thick, 
and as the Fern vale was removed before the St. Joe was deposited 
here, these figures represent a minimum thickness beneath the Fern­
vale; 2 miles to the north, near the foot of the Cabin Creek mono­
cline, the Plattin is only 15 feet thick beneath the Fernvale. In the 
Rock Creek structural ba in the Plattin is 85 feet thick beneath the 
Fernvale, but near the top of the structural high on Kimball Creek, 
2 miles to the south, it is only 40 feet thick beneath the Fernvale. 
(See pl. 9.) Five miles west -southwest from the Kimball Creek 
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locality the Pla tin i aga.in 0 to 100 feet thick, in and adjacent tO' 
the ea t end of th Tomahawk graben. 

Deta.iled mar pinu of the reuion outh and east of the St. Joe7 

Water Creek, and abin Creek monoclines on a more accurate and 
larger-scale ba e than the exi. ting topographic map of the Yellville 
quadrangle would undoubtedly yield much information on the pre­
Fernvale structural features that is little more than indicated in the 
results of the writer's work in the region . The Tomahawk graben is 
especially intere tinu, a it a.ppear to contain maximum thicknesses­
of the Plattin F ernvale, and St. Clair limestones, though not neces­
sarily superpo eel. nfortunately, these formation are buried 
beneath the Boone formation throughout the greater part of the 
graben and are expo eel only toward its east end. The Panther 
Creek structural ba in al o appears to have been in existence and 
eparated from the Rock Creek basin in pre-Fernvale time. This 

ba in is of p cial interest in that the Fernva.le limestone preserved 
within it doe not lie a.t the lowest part of the basin but on i 
northeast limb ugge ting that the axi of the depre ion that pre­
ceded the deposition of the t. Joe lay slightly northea t of the axis 
for the later mo' ement. 

The occurrence of F ernvale limestone on top of the Salgado dome· 
indicate that thi dome unlike many of the other de cribed in 
the region had its inception in po t-Mis i ippian time. 

Purdue and Mi er n $tate that certain anticlinal flexur in the 
Eur ka Sprina and Harri on quadranule are more pronounced in 
the Cotter dolomite than in the Boone formation and more pro­
nounced in th Boon than in the Hal and Win low formation • 
Th y thu r cogniz not only a pre-Boone warping and po t-Boone 
ace ntuation, a ob erved in the Yellvill quadranale but break up 
the po t-Boone movement int n pre-Penn ylvanian and po t-P nn-· 
sylvanian accentuation. 

The evidence at hand indicate that certain gently folded truc­
tural features in northern Arkan as are the re ultant of cru tal 
movements alonu e entially the ame axes at everal different 
periods. At l a t four uch period of movement have been recog­
nized-(1) between the Plattin and Fernval periods of depo ition,. 
(2) between the Fern vale and Boone ( t . Joe) period of d position,. 
(3) b tween the Boone and Hale period of deposition, and (4) in. 
po t-Hale time. Thes movements were in the nature of local warp­
ing and are to b eli tingui heel from regional o illatory move· 
men that aff ted larg blocks of the earth's crust as units_ 
Plate 9 show the r elation betw en the two typ ®i mov.ement in 

n Purdu~. A. IT ., nnd Mi ser , 11. D., op. cit., pp. 16, 17. 
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the Rock Creek ba in. For the ake of implicity the warping 
alono- the axi. of th ba in i here i llu trate 1 as ontemporaneou · 
with the regional uplift ( tage 3 in ea h cycle ). Ul that the field 
evidence indicate , however, i · that warpi rw o nrred in th e periods 
between the initial deposition of certain limitino- fonnation (be­
tween A1 and B1, b tween B1 and 1, and betwe n 1 and the 
present) · a measure of the amount of warpinD" in any p0riod i 
given by the magnitude of the unconformity bcbYe n the t wo limit­
ing formation . \Vhether the e waq ino- mo ement w r actually 
a illustrated-namely, contemporaneou · \~rith ertain uplift of 
short duration, and eparated by lono- perio ~ of quie ence exc pt 
for broad r egional oscillation that are r cord d el mvher in the 
minor unconformiti s-or wheth r , on th other hand, th ey ha' e 
been practically continuous from their berrinnirw up to the pre ent 
time is not known. Ho\Yev r , in view of the fact that each f the 
four periods of warping, r ecorded above ha been r coo-nize i only 
because of rather pronounced unconformity betw en its two limiting 
formation 22 and a smaller unconformitie are lmown to have been 
developed within each of these four principal unconformitie , the 
probability is that the warping movement ·were imultaneou with 
the movements, whether up or down, that produced the mall r· a 
well as the larger rerrional unconformities. A a matter of fa ct, 
the larger unconformities are probably nothing more than summa­
tion of the mailer unconformities within them, and the laro-er 
warpings who e time limits have been determined may be simply 
summations of the maller warping movement that took place within 
the given time interval. 

REGIONAL TRENDS IN STRUCTURE 

Certain structural trends are very pronounced in northern rkan­
sas. In figure 5 the directions of all the faults mapped in the tier 
of United States Geological Survey quadrangles that cover the 
region from the northwest corner of the State ea tward through the 
Yellville quadrano-le and also the directions of the faults mapped 
in the Winslow and Batesville quadrangles are plotted together 
through a common point. The figure show that with two excep­
tions (the Green Forest and Long Creek faults, in the Harri on 
quadrangle) all the faults lie between N. 31° E. and S. 53° E. The 
exceptions strike about S. 25° E., although this figure is only a rough 
average for the Green Forest fault, which curves from S. 50° E . at 
the south end to north-south at the north end. Most of the faults 
lie between N. 85° E. and S. 55° E. A similar figure (fig. 6) for 

"" In the !ourth period the unconformity Is between the Hale formation and the present 
plane of borlzontality. 
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the Yellville qu adrangle alone, in which all the fault who e direc­
tion have been determined are plotted, i ev n more strikin o-. Of 
2 f ault , all but 4 trik between S. 55° E. and N. 6° E. The four 
exception trike between N. 52° E. and N. 63° E.; thre of them 
are on the ·water reek- t . Joe monoclinal flexure, whi ch trend in 
a northea terl y dire ti on, tran v r e to all the other prominent true­
turn! feature of the reo-ion. 

FJ GU JnJ .).- .trike· of rnults mnppcd in the Win low, Fnyettevi il , E m·eim prlngs, 
ll.nrrlson. Y PII vi ll~. and 13u t~•vi ll c quad rangles. 

ot only the faults but within the Yellvill quadrangl , many of 
th dom e and ba in how an elongation of th ir maj or axe parallel 
to th dominant outhea terly tr nd (pl. 3, over heet ) . T hi paral­
leli m between fold and fault i not marked in the Harri on and 
Eur ka prmg qua drangle . 

HARACTER OF FA LT 

o far a can b observ l, all the faults in the northern rkan ·a 
recrion are ither normal, with t e p clips, r el e in a f w examples 
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a-long the Buffalo River in the Harri on quadrangle, they show mall 
horizontal displacements with no vertical components. 

AGE OF FAULTING 

•Crustal movements were taking place at different times during the 
Paleozoic era, but practically all the faulting occurred after the 
deposition of the Winslow formation, and probably near the end 

N. 

F!Gt::HE C.- trik of faults mapped io the Yell vi ll e quadrangle. 

-of Paleozoic time. The crustal movements a expressed in the 
a-mount of folding of the strata were apparently . omewhat greater 
at this time than at earlier periods. The only fault that ha been 
found in which the break occurred earlier than the general period 
.of faulting that affected the region i on the west side of the "nar­
l'OWS" of the Buffalo River, 3 miles southeast of Rush, in the Yell­
ville quadrangle. H ere a fault with a throw of 43 feet displaces the 
Everton, St. P eter, Plattin, and Fernvale but is truncated above by 
the unconformity at the base of the St. Joe lime tone. 
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DOMES, BASINS, AND MONOCLINES I N THE YELLVILLE 
QUADRANGLE 

97 

As only the Yellville quadrangle has been studied in detail in 
the preparation of this report, the domes, ba ins, and monoclines here 
described will be limited to that area. Purdue and Miser described 
and fio-ured similar features in the Eureka Springs and Harrison 
quadrangles. Only the more prominent fl exures of the Yellville 
quadrangle will be mentioned, a the contour map illustrates more 
clearly than could be done by word the minor tructural undulations 
of the quadrangle. I n the following descriptions the datum plane, 
unles otherwise pecified, i the ba e of the t . Joe lime tone. 

rilgado clome.- The alga do dome lies near the ea t line of the 
quadrangle, its major axi trending along the line of the ridge that 
runs southeast from the " narrow ." Only the northwe tern part 
of the dome lies in the quadrangle, and the hape of its southeast 
end is not lmown. Futur work in the Mountain H ome quadrangle: 
to the cast , may modi£ the pre. ent a tm1ption that the feature is 
actually a tructural dome. On that part of the dome contoured the 
difference in altitude of the ba e of the t. Joe is about 300 feet. 
The west ide of the dome, however , lips off to the Panther reek 
and Rock Creek basins, about 4 miles away, where the base of the 
St. J oe is almo t 600 feet lower than on top of the dome. The average 
dip on the outhwest flank i between 2° and 3° ; the northeast 
flank i apparently om what teeper. The altitude of th ba e of the 

t. J o lime tone on top of the dome i about 1 175 feet. 
De oto dome.-The De Soto dome apexes about 1 mile northeast 

of De Soto (Sylva) in line with the Panther Creek and R ock Creek 
basin . It xtreme limit is r ouo-hly circular, 3Yz to 4 miles in di­
ameter, but the ap x is excentrically placed at the northea t ide and 
shows an elono-ation in a north-north,ve terly dire tion. The closure 
on the dom i about 1-0 feet. The altitude of the ba e of the t . 
J oe lime tone on top of the dome i about 1,000 feet, which is 400 feet 
hi o-her than in the Panther Cr ek ba in, 3 miles to the southeast. 

Mount Ilersey clome.-The Mount H rsey dome is on the edge of 
the quadrano-le and i therefore imperfectly known. The highest 
point of the dome located in the quadrangle lies about 1 mile 
south a t •of Mount H ersey, wh re the base of the t. Joe is a little 
more than 1 200 feet above sea level. On the nort.h side of the dome 
the ba e of the t. Joe descend between 200 and 250 feet below 
this point, but on the ea t ide th ro k clip continuously, although 
irregu larly to the bottom of th St. Joe yncline, 10 miles away, 
wher the base of the St. Joe is about 50 feet lower. The clips are 
low, though locally they may steepen to 3 ° or 4 °. 
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Pilot [{nob dome.-The low Pilot Knob dom lie on th lin b · 
tween Marion and Boone ountie , 4 mile north of Zinc. Th 
maj'Or axi nm about a t by onth a t. Th lo ur i about 100 
:feet, but on the outhea t the b d dip gently for about I( mil to 
the tructural low around th mouth. of Tarkiln Branch and uo-a r 
Orchard reek and in thi dire tion the ba of th t. J oe drop · 
about 350 feet bel1ow it altitud on top of the dome (1 220 :feet). 

I ng?'am B1·anch d01ne.-Although the Ino-ram Branch dom do 
not show on plate 3, over beet, the description of the domes in the 
Yellville quadrano-le would be incomplete without om mention 
of it. It a.pexes on the Ing ram Bra.nch of Blue J ohn re k, n ar 
the outhwe t corn r of se . H T. 1 N. R. 15 \\. and i: appar­
ently developed entirely below the base of the t. Joe. The tru ture 
was worked out on the base of the Everton which h re li betwe n 
.100 and 150 feet higher than it loe in the ·carpment overlooking 
Crooked Creek, about 1 mile to the north. On the a. t outh an l 
west the tructural relief is con iderably gr ater. 

Patntlw?' Creek basin.-A tructural depression cover a large 
part of the valley of lower Panther reek and Little Panth r reek, 
3 miles outh of Ru h. It is about 2% miles long in an east-south­
easterly direction and ll/2 mile wide but i n t ymmetrical in ut­
line. The outhea t rim i a narrow tructural ridg , ·epa ratino­
the basin :from the Rock Creek ba in and standing a little less than 
200 feet above the bottom of the Panther reek ba in. The south­
west rim is much broader and tands a little more than 200 :fe t 
above the bottom of the ba. in. On the oth r sid th borders of 
the basin are considerably higher than on these two. The altitude of 
the base of the St. Joe lime tone in the bottom of the ba in i 600 
feet. The base of the St. Joe dips into the basin at an angle of 
about 5° on the outhwest ·ide, which i the teep t ide. Th dip 
on this side i very n'Oticeable al o, becau e omewhat teeper, in the 

t . Peter sand tone ledge along Panther reek, between th Big 
Bell mine and the mouth of the ylva (De oto) fo rk. 

Rock Creek basin.-The Rock Creek ba in lies 2 miles outhea t of 
the Panther Creek basin. It low point is on the Buffalo River near 
the mouth o£ Rock Creek, where the ba e of the t . Joe is at an alti­
tud~. o£ 650 feet. The ba in i about 3 mile long in a outhea terly 
direction along Rock Creek and Roo-skin Hollow. Its width is about 
half it length. The lowest rim i the one that eparates it from 
the Panther Creek ba in; this rim i 150 :feet above the low point 
on th Buffalo River. Dip into the basin are gentle, the average 
on the outhwest beino- between 2° and 3°. 

lf ater Creek basin.-A broad, flat basin lies along Water Creek 
on the Marion-Searcy County line. It repre ent an overdeepened 
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area in an irregular synclinal depre ion that extends in a northwest­
erly direction from a point near the southeast corner of the quad­
rangle to the Water Creek monocline. The ba in it eli i about 6 
miles long, 2¥2 miles wide, and 170 feet deep. The altitude of the 
ba e of th~ St. Joe in its bottom is near 600 feet. 

t . Joe syncline.- The axis of the St. Joe yncline runs from outh­
we t to northea t, along the down thrown side of the t. Joe mono­
cline and a ociat d portions of the St. Joe and Tomahawk fault . 
The yncline is limited on the northea t by the southea tward-trend­
ing portion of the T omahawk fault and i cro ed diaaonally by the 
Pilot Mountain and outh Tomahawk faults, which also follow the 
dominant ea t-southea t trend of the region. The axi of the un­
broken portion of the ynclinE: southwe t of the Pilot Mountain fault, 
goes through a. point ju t north of the old town of St. Joe and run 
between St. Joe Mom1tain and Pilot Mountain. The outheast limb 
of the yncline has not been mapped in the Marshall quadrangle, to 
the south, but the rise from the low point outhwest of the Pilot 
Mountain fault i at least 250 feet in thi direction and at a very 
low angle. The northwe t limb of the yncline is formed by the 

t. Joe monocline and is much teeper. The only occurrences of the 
Fayetteville, Pitkin, Hale, and Win low formation in the quadrangle 
are alona the t. Joe ynclin . The t. J oe limestone is not expo ed 
alona the axi of the ynclin but computation how it ba e to lie 
about 350 f et above ea l vel in the lovre t part of the tructural 
trough west of Pilot Mountain, and only 300 feet above ea level 
where th ynclinal axi cro e the graben between the Tomahawk 
.and South Tomahawk faults. 

t. Jo e ~ Wate1· 1·eek monoclmes.-The St. Joe and \Vater 
Creek monoclines ar r ally part of a ingle mono linal flexure, 
running from north a t to outhwe t, that drops th rock in the 
outh a tern part of th quadrangle. They are s parated by a 
tretch, bet-v een t. Joe and Tomahawk Creek, in which the move­

m nt i taken up in part or wholly by seamen of the t. Joe and 
Tomahawk faults . mailer faults take up part of the di placement 
farther up Tomahawk reek and on Mill reek near St. Joe. The 
compl te flexure runs southwestward from the Rush Creek fault 
( outh of Cowan Barrens), through a point near the town of St. 
Joe, and , according to Adam ,23 on aero s the Buffalo River toward 
the head of Cave Creek in Newton ounty. The di placement 1aries 
from place to plac al ng th m noclin . Along the \Vater Cr ek 
ection the usual drop i between 250 and 300 feet, and the dip 

rarely exceeds 6 ° or 7°, ex pt where the mono line i passing over 

23 Adams, G. I., P urdue, A. H., and Burchard, E. F ., Zinc and lead deposits of northern 
Arkan ns : .S. G ol. 'urvcy Prof. l'aper 24, p. 3 , 1904. 
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into a fault. Along the St. Joe section where the structural high 
that lies south of the Mill Creek fault is at the top and the St. J oe 
syncline is at the foot, the amount of drop is around 600 feet. The 
dip is here 9° or 10° unless part of the displacement is taken up by 
faulting. This dip ha been calculated from differences in altitude 
of certain horizons, as no rocks were found exposed along the mono­
cline at the particular place cited. The hio·hest dips found in the 
quadran o-le are near the hea l of the D avy Crockett fork of Toma­
hawk Creek, nor th of the locality where the t . J oe fault near its 
ea t end has cut down diagonally a ros the monoclin nearly to its 
foot. A dip of 41 ° 'n · mea ·ured on the Bate ville and tone where 
it crosses the creek. 

The St. Joe-Water reek monocline, with it a ociatecl faults, 
a.nd the St. J o syncline, which is intimately related to it, are the 
only structural feature of pronounced northea terly trend in the 
quadrangle. 

Cabin Creek monocline.-The Cabin Creek monocline trike 
roughly ea t-west along the north side of the Buffalo River ea t of 
Blue J ohn and Clabber Creek and clips to the outh. The tructural 
drop is about 450 feet within 3 mile . The clip i not eYen howe' er , 
but increa es in amount over the south half of the monoclinal slope. 
Both abin reek and Cedar reek flow clown the clip of the 
monocline. 

FAULTS 

The faults of northern Arkan as have had little or no effect on 
the topography, and even where the general line of a fault may be 
followed by a stream-as, for example, that of the Ru h Creek 
fault-the stream winds back and forth across it according to the 
usual habit of streams in the r egion and without any apparent 
effect of the fault. Nor do the minor tributary gullies that plunge 
into the main streams select the lines of faults tha t may crosscut 
the major drainage lines. Locally the outcrop of a fault may be 
marked by a siliceous reef , but more commonly the actual outcrop is 
concealed. H ence, in the absence of any aiel that may b obtained 
from a tudy of topography or from an examination of outcrops, the 
location of fuults becomes dependent upon a detailed earch of the 
multitudinous hollows of the region with a thorough knowleclO'e of 
t.he stratigraphic section in mind. The present r eport, in which 
the structure of only the Yell ville quadrangle is covered in detail , 
records a larger number of faults within the area considered than 
the earlier reports on the lead-zinc district, because it is more 
detailed, but still more faults will undoubtedly be found on more 
thorough examination. The area covered by the outcrop of the--
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ott r and J ffer. on City dolomites e pecially hu been very im­
perfectly examin cl. The faults located are hown on plate 3. Only 
the major brea k will be here discu se L The maximum di place­
ments on the maller one are indicated on tl1e structure-contour 
map. In con id ring trike of faults it hould be borne in mind 
that the figure given are ubj ect to enor becau e of imperfections 
in the to1 ographic map on which the faults are plotted. 

Rush 01·eelc fa~tlt.-The Rush Creek fault runs about . G5 ° E . 
fTom ome point on the ri dge between he two main forks of Mill 
Creek to the Edith mine, ''hich lie a quarter of a mile up the 
Buffalo River from the m uth of Ru h reek (pl . 3 4) . The 
lenoth is between 7 and mile . The maximw11 ch p lacement near 
the Morning tar Hotel in Ru h i about 450 feet down on he 
southw . t. 

Cold rring fault .-The Cold Spring fault run pa rallel to and' 
about a quarter of a mile outhwest of the Rush reek fault at Ru h. 
Its di placement i ]own on the northea t and arnom1ts to a maxi­
mum of about 150 feet near the point where it eros es the new ridge 
highway into Ru h. The di placement i in the opposite direction 
from that of the Ru h reek fault o that the blo k bet"- n them 
has b en droppe 1 an l form· a graben. Th lo ation of the fault 
i hown on the cl tailed map of the Ru h di trict (pl. 4). ~ ear the 
mouth of th hollow that nter Ru h reek from the outh in 
ec. 5, T. 17 N., R. 15 W. , about 11/2 miles above Ru h (pl. 3) , what 

i believed to be the ame fault i expo ed with a di placement of 
35 feet. Its dir tion i more nearly outhea t-northwe t, o that 
it, undoubted} join the Ru -h reek faul a short di tance to the 
northwest. A small r fault (not shown on pl. 3), 1 000 feet farther 
up the hollow i more nearly in line with the fault at Ru h and may 
repr ent one proncr of it that die out a hort di tance to the north­
west. The totallen!!th in hcate l for the old pring fault i about 
2 miles. 

Climax fa~tlt.-The Climax fault parallels the Ru h Creek fault 
ov r part of it northw t end , lying about 2,000 feet southwe t of 
it. Th length i around 21/2 mile . The maximum di placement 
is beb een 100 and 150 feet , down on the northeast. 

ilve1' Hollow fault.-The ilver Hollow fault i no\Yhere exposed, 
and evidence for its exi tence i derive l olely from the structural· 
relations near th ilver Hollow mine. Above the mine the St. 
P eter sandston form n prominent liff ·who e top lies flt an altitude­
of 00 fe t . \. ro_: th Buffalo R.i v r t.h altitude of the same­
cb:ff is 600 f et. ( ee pl. 4.) As the trike and clip of the trata 
are about the a me at the two localities, and a a line bet"' een them 
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is nearly parallel to the strike, there mu t be a fault between them 
with a displacement of about 200 feet. It ha been drawn in line 
with a mall fau lt that is expo ed alonu the Buffalo River near the 
Reel Cloud mine and also near the fork of Bear Hollow. 

Narrows {a1tlt.-A :fault that show at only one point on the west 
ide of the narrow " 3 miles southea t of Ru h, cut the Everton, 

St. P eter, Plattin, and Fernvale formations but is truncated by the 
.overlying t. Joe. The eli placement is 43 :feet, clown on the north. 

orth Rocky 1·eek fault.-The North Rocky reek :fault extends 
in a direction . oo E. from th acut bend of the Buffalo River 
below the mouth of Tomahawk reek to the Buffalo River a short 
di tance below the mouth of R ocky reek. a eli tanc of about 21/z 
mile . In the interven:iJw tr'Oltch the fault lie an eiiYhth to a quarter 
of a mile . outh of the river. The maximum eli plac ment is about 
100 feet , down on the south, in the NW1,4 ec . 23. T . 16 N. R. 16 W. 

outh Rocky Oreelc fault .-The outh Rock~' reek fault lies 
-about half a mile outh of the North Rocky re k fault and strikes 
about . 75° E. It i expo ed only on th t'"' o ide of Rocky 
·Cr ek · the maximum eli placement of 90 feet. down on the north, 
· how on the ''est ide of the creek. 

ection 92.., fault.- fault that trike about . 60° E. in sees. 22 
·.and 21 T. 16 N ., R. 16 W. is about 2 mile loniY. Its displacement 
is a little more than 100 feet clown on the north a t, but over much 
o()f its course it is accom1 anied by a small fault that branches at a low 
-angle from it, diverging io the west, and that ha a displacement 
jn the opposite direction. Owing to the mailer eli ·placement of the 
·second fault, the net maximum displacement of the two i about 
100 feet, down on the nor-thea t . 

TomahaMk fault.-One of the major fault of the district is the 
"Toma.hawk fault, which is peculiar in that its middle course wings 
into the general direction of the St. Joe-Water reek monocline and 
-takes up the compl te displacement on this tructure. The middle 
segment trike about r. 63° E. and runs from t. Joe l\1 untain to 
'Tomall.awk Creek, a distance of 2 mile . The two end ·egments 
·strike across the direction of the monocline, in accordance with the 
regional fault trend. The ea. tern one run . 70° E. from Toma­
hawk Creek almo t to Mud Hollow (Gulf H ollow), a distance of 4 
miles. A mil and a half from the ea tend it break into two parts 
of about equal eli placement, one followiniY the cour e of the seg­
ment a O"iven above and the other running more nearly ast. The 
-we t egment of the main fault i only a mile or o long and appears 
to run about . 55 ° E., although imperfections of the topographic 
map on which it ha been plotted make thi figure subject to oon­
.siderable error. 
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The dis1)lacement i eYerywhere down on the south. The north 
side of th fault is tructurally an unbroken block, but the outh side 
is broken into four eparate blocks by the outh Tomahawk, P ilo 
Mountain, and t. Jo fault , all of which terminate against the 
Tomahawk fault. H ence the displacement on the Tomahawk faul 
varies ac ording to ' hich of the south blocks happens to be oppo ite 
the point of mea urement. The maximum di placement of about 
725 feet is bet,veen the ends of the St. J oe and Pilot Mountain faults. 
This i al o the maximum for the quadranale. A displacement of 
650 feet is de eloped on the ea t segment a short distance we t of the 
Tomahawk copper mine. 

outh Tomahawk fault.-The South Tomahawk fault is roughly 
parallel to the east egment of the Tomahawk fault and lies from. 
half a mile to 11/2 mile southwest of it. It runs along the general 
course of Tomahawk Creek from the middle segment of the Toma­
hawk fault to some point in the NE~ sec. 20, T . 16 N., R. 16 W.=­
a distance of 4 or 5 mile~. The northwest half of its cour e runs­
about S. 65 ° E . and the southeast half about S. 50° E . The down­
throw is on the north and the displacement is between 250 and 3~ 
feet, on Tomaha,,k Creek near the mouth of the branch lying west 
of Tomahawk. 

Pilot Mountain fauU.-.A.noth r br ak run about S. 70° E. along 
the north ide of Pilot 1ountain. It l ngth is 2 miles and the 
maximum displacem nt i e timated to be about 200 feet down on 
the southwe t ' here it join th Tomahawk fault. 

t . Joe fault.-Mo t of the t. J o fault follows a trend that aver­
ages a few dear es outh of a t but the ea ternmost 2 mile wings 
into the . Joe monoclin and take up part of the movement on it.. 
The outhea tward-trendina portion hows some variation in strike;: 
between haddock Bran h and Hru·ricane Branch the trend is a.: 
few degree north of ast. The fault runs from the head of Wells-

reek, in the Harri on quadrangle, to t. Joe Mountain, a di tance 
of 15 miles. The downthrow i on the south, and the maximum. 
displacement is about 500 feet where the highway leading from 
St. Joe to Valley p ring cro e the fault. It is quite possible· 
that the throw at thi locality is increa ed by the junction of' a: 
fault from the outhwe t that lies on the St. Joe monocline in line· 
with th a t end of the t . J o fault. Such a fault is expo ed. in. 
the Boon formation on the we t bank of Mill Creek just below. the· 
point where th t . J o lime tone m mber dip under, but its course· 
cannot b tra eel. Th Hurricane fault of previous reports is the· 
western part of th t. Joe fault. 

Mill 01·eek fault.-The Mill Creek fault lies about half a mile 
south of the St. J oe fault, which it closely parallels £rom. its west 
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.en 1 to the t. Joe monocline, a mile or o we t of the old town of 
t . Joe. The di placement, however, is down on the north, the maxi­

mum being about 150 feet near the head of Mill Creek. 
ection 35 faUlt .-A fault developed on the ·water Creek mon o­

d ine cro ses Tomahawk Creek in sec. 35, T. 17 N., R. 17 W., running 
a bout . 60° E. It i also expo ed up a small tributary hollow from 
the ea t . I ts total length is about 11,4 miles. The maximum dis­
placem nt at the cro ing of Tomahawk reek is 130 feet, down on 
the outhea t. 

Pine H oll01o f(JfUlt .- A notable break cro ses Clear Creek at the 
mouth of Pine Hollow, running about S. 60° E. Its length is about 
6 miles, two-thirds of which is east of Clear Cr ek along the ridge 
between Kings Branch and Pine Hollow. The down throw is on 
the northeast, and the maximum displacement is 170 feet, about 
2 miles southeast of Clear Creek. 

0 1·ooked 01·eek fault.-Most of the Crooked Creek fault lies in 
the Harrison quadrangle along the north side of Crooked Creek, but 
the east end of it crosses into the Yellville quadrangle for 2 miles 
or o. The general direction of the fault is about S. 60° E. The 
maximum displacement in the Yellville quadrangle is about 50 feet, 
down on the northeast. This fault is directly in line with the Pin 
Hollow fault, but the two are evidently not connected. 

ugarloaf fault .-The Sugarloaf fault trends about S. 75° E. and 
cro · cut the heads of several branches of E ast Sugarloaf Creek be­
tween Dodd City and the Broome County mine. The maximum dis­
placement of 100 feet occurs on the branch half a mile or so above 
the Markle mine. The downthrow is on the north. At two or three 
places along the course of the fault its outcrop i marked by a sili­
ceous reef which, on the east side of the hollow that contains the 
Broome County and Salina mines, show a maxi,!Uum width in the 
Everton formation of 15 feet. 

Gem·ges Oreek fault .-A break of considerable ma()'nitude cro~ses 
the headwaters of several branches of Georges Creek and at the ea t 
end passes over the ridge into the head of Mocca in Creek, north of 
Lee Mountain. The length is around 'l miles. The general direction 
is about S. 75• E . The downthrow is on the north, and the maximum 
displacement of about 230 feet occurs whel'e the fault crosses the 
hollow half a mile or so above Butler & Wassel's lead mine. On the 
maps accompanying this report the fault is represented as being very 
sinuous in trend, but most of this sinuosity is due to the poor char­
acter of the topographic map, on which the geologic features were 
plotted. 
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DOWN-FAULTED AREAS (GRABENS) 

The faults that bound the down-faulted areas, or grabens, have 
been described, but the four grabens developed in the quadrangle 
are believed worthy of attention as such. 

Olimaw graben.-A.. dropped block lie between the Rush Creek 
and Climax faults. Its length is between 2 and 3 miles, and it 
width varie between 1,600 and 2,000 feet. The floor of the graben 
dip to the southea t in harmony with the dip of the ·water Creek 
monocline, which abut against its southwest side. The northea t 
rim of the graben hows a maximum height of 300 feet, and the 
southwest rim a maximum of 150 feet. 

Rush 01·eek graben.-The Rush Creek graben lies between the 
Cold Spring and Rush Creek faults. It is about 2 miles long and 
a quarter of a mile wide. At its southeast end the faults bounding 
it die out, but at the northwest end they come together, so that the 
end of the graben in this direction is wedge-shaped. The southwest 
rim of the graben shows a maximum height of 150 feet; the northeast 
rim hows a maximum of 450 f eet. The floor dips in from all ides, 
basinlike, to a low point on Cold Spring Hollow ju t above its mouth. 
The base of the St. Joe limestone lies at an altitude of about 520 
feet in the bottom of this basin. 

TO'I'/W,hawk graben.-The Tomahawk graben is not a simple one, 
for over parts of its course it i bound d by monoclinal dips rather 
than by faults. Nor do the faults that form part of the re pective 
sides lie in line. On the contrary, two adjacent faults may be off et 
in such a way that the monocline connecting them runs oblique to the 
axis of the graben. 

The graben extends in a southeasterly direction from the northeast­
ward-trending portion of the Tomahawk fault to the east ends of 
the Rocky Creek and South Rocky re k faults, a distance of 8 
miles. Its width is half a mile in the northwest portion, 1llz miles 
near the middle, and half a mile in the southeast portion. Bounding 
it on the northeast are the Tomahawk and North Rocky Creek faults 
and a connecting monocline; on the southwest, the South Tomahawk, 

ection 22, and South Rocky Creek faults and two connecting mono­
clines. The floor of the graben dips irregularly to the northwest 
along with the adjacent limb of the St. Joe syncline, of which it is 
e entially a part, and the lowest structural block in the quadrangle 
is located wher the graben, near its northwest end, crosses the axis 
of the St. Joe syncline. The southwest rim of the graben is nowhere 
very high, varying in general between 50 and 275 feet. The north­
east rim, on the other hand, while it does not dip in any general 
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direction, is higher at the northwe t than at the southeast end. 
This chano-e in altitude is opposite to that shown by the floor of 
the adjacent graben and leads to a pronounced increase in the height 
of the rim to the northwest, up to 650 feet. 

Mill 01•eek gmben .-The Mill Creek grab n lies between the St. 
Joe and Mill Creek faults. Its length is 12% miles and its width 
varies between 2,000 and 3,200 feet. It is thus unique among the 
tructural features of the quadrangle. Its north rim varies in height 

between 150 and 350 feet, and its outh rim between 80 and 150 
feet. The floor of the graben shows a structural high along the 
Newton-Searcy County line that is accompanied by similar highs 
in both of the adjacent rims. 

ORE D EPOSITS 

PRELIMINARY OUTLINE 

The zinc and lead deposits of northern Arkansas are confined to 
the Paleozoic limestone and dolomite belt, averaging less than two 
countie wide, that runs from Lawrence County on the ea t to 
Washington County on the wet. The b Jt includes the northern 
tier of counties and extends for variable distances into or through 
the next tier to the south. Although the mineralization has thus 
been widely distributed, its intensity was highly variable, and only 
in certain districts has the concentration of mineral been great 
enough to produce ore deposits of commercial importance. These 
lie in Marion, Boone, Newton, Searcy, Sharp, and Lawrence Counties. 

The ores occur in the Cotter, Powell, Smithville, and Everton 
formations of the Ordovician, and in the Boone formation and 
Batesville sandstone of the Mississippian. Of these formations the 
Everton and Boone are the most favora.ble and contain all the mines 
that have been of any commercial importance. Wj.thout exception, 
the mineralized beds in the Ordovician rocks are dolomites or else 
limestones that have been silicified in the early stages of mineraliza­
tion; on the other hand, many of the deposits in the Boone are 
developed in unaltered limestone. 

Two or three mines that have been productive are located on 
fau lts of considerable throw, but the great majority of the ore 
depo its are developed in the form of "runs." These are confined 
to certain strata within the horizontal or gently tilted ser.ie of beds 
but may a sume any shape, though typically a linear- one, in ground 
plan. The runs have been :Jiormed. by mineralization along fractures 
or zones of . haJ,tering tha;t have been pr0clucecl by very slight move­
ment . in the rock. They may or may not lie- in the vicinity of major 
fault ·. 
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The mineralogy of the deposits is simple. The primary sulphide 
minerals consist of sphalerite and galena, a little chalcopyrite, pyrite,. 
and locally marcasite and a minute quantity of enargite (at one mine 
only) ; the gangue minerals are dolomite (pink spar), chert (jasper­
oid), quartz, calcite, and feldspar (adularia). Oxidation has pro­
duced smithsonite, calamine, and cerusite in commercial quantities; 
malachite, aurichalcite, and azurite appear in traces, as alteration 
products of the chalcopyrite. Wulfenite accompanies cerusite a an 
alteration product of galena at one mine. Gypsum is common as a 
secondary gangue mineral but is nowhere abundant. The mines that 
have yielded the greatest commercial production have been largely 
in oxidized ores (smithsonite and calamine). 

The ore and accompanying gangue minerals have been devel­
oped either by simple mechanical filling of the ope!llngs between the· 
shattered fragments of the country rock or by replacement of the· 
country rock uut from these shatter cracks and from the accompany­
ing bedding cracks. There are all gradations between these ex­
tremes, but usually replacement has played an important part in 
the deposition and final form of the ore. Owing to the intimate­
admixture with the country rock, the average ore has to be milled. 
before it can be shipped. In most mines, however, certain large re-­
placement blocks of ore can be picked out by hand and marketed 
as " free " ore. 

MINERAL OGY OF THE ORES 

In their mineral compo ition the ores of northern Arkansas 
present no great contra t with the class of or deposits that ha 
come to be recognized as the Mi si ippi Valley type. Notable addi­
tion to the !:limple a emblage of minerals common to this cla s are· 
enargite, wulf nite, and feld par (adularia), but of these the first, 
two have been found at only one mine each, and there only in minute 
quantity, while the f ld par, although widely distributed, is every­
where a minor microscopic con tituent. In the following discussion 
the mineral ar divided for convenience into primary (hypogene) 
nnd secondary ( up rgen ) minerals. The latter have been derived, 
under condition of w athering near the urface, from the former. 
E ach of the e <Yroup i further subdivided into ore minerals and 
<Ya.ngue mineral , although mo t of those recorded as ore minerals 
occur in uch mall amounts in northern Arkan as as to have no· 
commercial valu . 

PRIMARY MI ERALS 

ORE MINERALS 

Spllaleri-te (black jack, ro in jack, ruby jack, blende; Zn - Zn 67, S 33) .­
Sphalerite is tbe m t ' c~lJ~~u)ou and widely di tributed of the I!ri.ma.ry or 

69371-35-
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mineral It is rather the indi\· idual cry. tal grain , as 
shown by cleavaae face , aY ra"'ing b t\\'e n a quarter of an inch and 1 inch 
in diameter, though a few mea. ure 5 or 6 in ·he . The lar.,.er cry tal units are 
inegular in bape, but cry tal und r 2 in ·be and e pecially und r 1 inch in 
siz may bow cry tal boundaries where they a re de,·el p cl in vug or in 
ja peroid chert. 

The commonest color is de cribed in the term "rosin jacJ;: ", but black jack 
is also plentiful. In many places the two are in t imately intermixed, even in 
the same crystal. Although there are numerous deposits in which the black 
j ack is developed to the exclusion of the rosin , none of the e have proved to 
be pf commercial importance; the richer deposits are ro in jack (or carbonate 
derived from rosin jack) or rosin jack with a va rying though generally ub­
<>rdinate amount of admixed black jack. Ruby jack, a browni h-red variety, 
is associated in small amounts with the rosin and black jack at certain mines 
.and, in addition, constitutes the sole product of a few low-grade mines in the 
J immie Creek eli trict. It usually occurs as small but well-formed and clear 
crystals. In several . deposits where it is associated wi th other types of 
jack it shows a tendency toward crystalline development in vugs, indicating 
that it was the last variety of sphalerite to crystallize. The Morelock mine, 
on the other hand, shows a unique development of ruby jack as a rim around 
kernel of black jack, and exceptionally there may be an additional tll in shell 
of black jack outside of the ruby shell. , 

The theoretical composition of sphalerite (Zn 67, S 33) is rarely attained in 
nature, but the northern Arkansas occurrences show a much closer approach 
to it, a s indicated by the high percentage of zinc that they contain, than is 
commonly shown by occurrences throughout the ordilleran region. Branner,. 
records seven analyses of sphalerite from northern Arkan as in which the per­
centage of zinc ranges between 64.48 and 66.46, averaging 65.77. The chief im­
purities of sphalerite are ferrous iron and cadmium. No complete analy es 
were made for the present report, but partial analyses for cadmium, iron, and 
manganese were made on three samples by J . G. Fairchild, as follows: 

Rosin jack, Monte Cristo mine, Rush district. ___ .. ___ ____ ______ .. _ 
Ruby jack, Olympia ml.oe, Jimmie Creek district__ _________ ____ ___ _ 
'Black jack, Hawkeye mi.oe, Baxter CountY-- --- ------·- ------ --- ---

Cd 

0. 45 
. 57 
.Ill 

Fe 

0. 10 
. 17 
. 31 

Mn 

0.00 
.00 
.00 

These analyses show a progres i,·e increase in iron and cadm ium from rosin 
j ack throu"'h ruby jack to black jack. 

Galena (PbS-Pb 6.6, S 13.4 ) .-Galena is the chief ore of lead in the 
lllorthern Arkansas field. It is not so widely distributed a the phalerite, nor 
bas it yielded so great a tonnage production. It may occur in association with 
spha lerite, or, in other deposits, it may be the on ly ore mineral present. It is 
.rather coarsely crys talline, in cubes that may reach 2 or 3 inches in size, 
though the average is between half an inch and 1 inch. Some of the cube cor­
ners are truncated by the o tahedron, and in the Pigeon Roost mine thi. trun­
·cation has increased in certain crystals to such an extent that the octahedron 
is dominant, with the cube present only as a modi fy ing form. Where the 

"' Branner, J . C., The zl.nc and lead r egion of north Arkansas: Arl;ansas Geol. Survey 
Ann. Rept. for 1892, vol. 15, p. 265, 1900. In the analyses here cited cadmium Is tn>t 
recorded; It was apparently calculated as zinc, which would tend to Indicate n higher 
!Percentage of zinc than actually exis ts. 
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en· tal. · ha1· not dev loped externn l fo rm they may ha1· clen,age fa e ns 
much as G inche in diameter. The galenn ·bo\\·s peculiar habit where it 
is cl ~-el opetl by replnccment in homo~ neo n;; nnd rath r fine grained lolo· 
mite , in the formation of irreo-ular crys talline network who · part e.'\:hibit, 
by their clen Y, .~e. the ~arn e cry talline orientation. Su h mas e mny con· 
tain a larger ,-olume percen tao-e -of the country rock than of the mineral 
matter. 

Galena from ore cler o it - of the Mi sissippi Valley type i - characteri. ti a lly 
low in ih·et·, and the Arkan as occurrenc s pr 1·e to be no exception . '.r" ·o 
a ay fo r . ill' r made by E. •r. E ric!; on in the cbemi al l:1borat ry of the 
'nitecl tates Geolo"'ica l Su rY y bowed 0.38 t roy ounce IBald Hill mine, 

N wton County) and 0.09 t roy ounce (Shiras lead mine, Baxter County) per 
ton of galena . 

OhaZcopyrite (copper pyrites; uFe .--- u 34.5, Fe 30.5, S 35) .-Chalcopy rite 
i alm o. t as wide pread as phalerite, with which it i a ocia ted as a general 
rule, but it i e 1· e r~· w1tere pre ent in only \'ery small quantity. It occurs 
typically a small crystal coating sphal rite or pink- par dolomite or else 
embedded in one of these minerals or in ca lcite. In a few places the crys· 
tal reach an eighth of an inch in size, and at the Turkey Fat pro pect, near 
Maumee, the larg t cry tals are a quar ter of a n inch in ize. At the Toma­
hawk copper mine chalcopyrite occur in the form of small irregula r- hapecl 
bl b in rna>; il·e pyrite. 

Pyri te (munclic, fool's gold; F eS,-Fe 46.6, S 53.4) .- Although pyrite is rather 
wide pread in northern Arkansas ore ctepo it , it is usua lly pre ent in uch very 
small traces as to have no effect on the qualit)" of the ore. Loca lly, however, 
as on the upper level of the Silver Hollow mine, it may be developed ill consider­
able quantity, wi th correspond ing detri ment to the zinc ore. The most usual 
occurrences are in the form of eli seminated small cry ta l , or imperfect crystal 
clu ter , or amorphous bleb , in the country-rock dolomite or sandstone, com­
m nly a long minute crack. . It is a qu e t ion whether such o currences are in 
any way r elated to the zinc ore . a they are of no greater quantitative impor­
tance than the normal occurren e of this mineral in ediments. Where the py­
rite is well cry ta llized, the cube is the usual form, though ill a few mines 
mall octahedrons, combinations of the cube and octahed ron, or pyritohedrons 

a r found. Another t~·pe f occurrence, appa rently more closely related to the 
mineralization that produced the zinc ores, i in the form of fin ely bu t di tinct­
ly cr y tallin pyrite eli eminat din bert ( ja peroid) that has replaced lime­
stone or dolomite. A a general r ule the pyritic chert forms small lenses, 
pocket , or pipe in the normal unpyriti chert, but on the upper le1·e1 of 
the Silver Hollow mine a ll of a large block of chert is pyri tic. The pyrite 
cry ta l , which are of microscopic size, are cube modified by the octahedron, 
by the octahedron and trapezoheclron, Ot' by the pyritohedt·on. A third and 
characteristic occurrence of pyrite i in the form of a thin selvage between 
the country ro k and the sphalerite or pink-spar dolomite that fo rms the or e 
material. In this occm'l' nee the pyr ite i usually massive but locally it is 
in small cube , or octah d ron mod ified by the C'Ube. T he country rock i s 
genera lly dolomite or andstone; in the few places where it is chert the chert 
appears to be "primary" and not related to the j asperoid that was produced 
appar ntly in the early stages of t he zinc minera lization. R ar ely the pyrite 
shows a fourth fo rm of occurrence, as crystals a long with the ore and gangue 
minerals, i n vugs. Small cubes ar e most common; octahedrons nex t. In the 
Susquehanna mine octahedr ons as large as an eigh th of an inch a re developed 
In vugs wi th sphaleri te and pink-spa r dolomite. Two additiona l types of 
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occurrence, represented by a Ingle xample each, ar worthy of mention. At 
the Tomahawk copper mine pyrite appear on the clump in th form of rna ive 
blocks showing a tendency toward pyritoheclral cry ·talliza tion and con taining a 
little chalcopyrite; it was not ob ervecl in place. At the Thoma Bar ·lay mine 
pyrite replaces the crinoid stems in blocks of Doone chert tha t lJa,· been canied 
down into the underlying formation along underground solution channels. 

Mcwcasite (mundic, white pyrite ; Fe ,-Fe 46.6, S 53.4) .- The only oc ·urr nee 
of marcasite observed by the writer in northern Arkan as is at th Olympia 
mine, near Kingdon Springs, where it is d v loped as a minor constituent in the 
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FIGUllfl 7.-Crys ta l form of ennrglte f rom 
Governor Eagle mine. The fa ce b Is 
r al ly narrower than here shown. 
(Drawi ng by W. T. Schaller.) 

fo rm of heroisphe ri al (botryoidal) OL' 

talactitic growth in open cavities. The 
hemi phere are small, ranging between 
an eighth of an inch and a ixty-fourth 
of an inch or le . The marca ite is 
here definitely earlier than the ruby jack 
with which it is a ociated. 

:Ehtargite'" ( 'u.AsS.-Cu 4 .3, As 19.1, 
32.6) .-Enargite is repr sen ted in the 

Mi . · sippi Valley, o far a known, by a 
ingle occurrence in nor thern Arkan.·as, 

at the Go,-ernor Eagle mine.""' It i de­
Yeloped pa ringly a isolated small crys­
tals and nests of mall crystals on the 
surfac of crystalline ro in jack, in as-
ociation with p ink- par dolomite, ca lcite, 

and chalcopyrite. The crystals are very 
imple in form , <howin"' a combination 

of the front and end pinacoids with the 
prism (fig. 7). The large t crystals are 
about 4 millimeters in length. 

GANGUE MINERALS 

Dolomite (pink spar, gray spar; 
Ca fg(CO, ),).-The characteristic 
gangue minecal of the northern Arkansas 
field i a pale-pink t9 whitish form of 
dolomite, commonly called pink spar. It 
appear generally in the form of replace­
ment pocket ·, fracture veinlets, and 
bedding Yeinlet and commonly forms a 

matrix for the less abundant ore and gangue minerals. Only rarely has it re­
placed a limestone bed completely, th is mode of occurrence being as umed 
chiefl y by a gray form of dolomite (gray par). Pink spar crystallizes in cun-ed 
rhombohed rons that average between JAi and % inch in size. '£his range between 
rathel' narrow . ize limits is a marked mineralogic feature of the district and 
i in contr ast to the habits of other minerals who.;e crystal· show wider 
variations in size. Most of the pink-spar masses contain vug in which the 
mineral bas crystallized unhindered. Although developed typically as a gangue 
of the ores, pink spar is not limited to this as ·ociation but may occur a iso-

""The writer Is Indebted to M. N. Short, of the University of .Arizona, for mlcro-..­
chemlcn·J lderrt111catlon ot this minerai. 

'"• SJnce this was wri tten enarglte has been fou nd to occur rather commonly in several 
mines In the Kansas-Oklahoma part of the T r i-State distr ict . 
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lated pocket. and veinlet. in the Ordovician dolomite~ and lime tones where 
there is no eYident connection with lead or zinc mineralization . 

.A partial analysis of a ample of pink par from the Red loud mine, made 
by J. G. Fairchild, bows 0.90 percent of iron and 0.08 percent of mangane e. 
The color of the mineral may be due to the trace of manganese pre ent. In 
pecimen that have lain out fo r several years on the dumps of the mine the 

pink color bas commonly bleached to almo t white. Underground weatheri11g of 
pink . par leaches the magne ium or replaces it by calcium, leaYing a brown 
psendomorph that is colored apparently by permeated limonite; complete 
solution leaves a reddish claylike re idue that i probably in large part 
limonite. 

Gray spar, another form of dolomite, i imilm· to pink spar in crystal shape 
and size but differs in it gray color and in its mode of occurrence. Wherea 
pink par ha been formed in comparatively open channels by depo ition fol­
lo\\'ing active olution dll1ing which all of the preexi ting rock was removed, 
gray par has been f rmed by replac ment of lime tone and andy lime tone 
bed·. a proce in which the residual green clay of the limestone is retained 
between tile crystal of gr uy par. The olution. a re believed to have been 
. tagna11t in c mpari on to tho e from which plnk spa r was precipitated. The 
pink par is belieYed to baYe been formed by . imple chemical precipitation 
from solutions, all of ,,·ho. e component had traveled considerable distance , 
eYeD thougb they may have been identical with tho e of the adjacent dolomite. 
The calcium and carbonate radicles of the gr.ay spar, on the other band, are 
belieY d to have been derived from the replaced limestone, so that only mag­
ne ium wa added from extraneous sources. 

Re rystallization of dolomite to gray par i not common and i rarely di -
tiuguishabl from replacement of residual limest ne in dolomite. .At the Mays 
& Redwine mine, howe,·er, the clevelopm nt of gray par along a narrow 
zone that crosscuts a 4-foot bed of fine-grained dolomite indicates recry talli­
zation of the dolomite. 

Gray par rarely cry tallizes in vug ; where vu s occur in boclie of ~rray 
spar they are lined wltb pink par. Wherevet· pink par in tead of gray par 
bn be n developed by ma replacement, c ndition bave emingly favored 
rath t' rar id cil·culation of the olutions throuo-h the rock. Such i likely 
to be the ituation where the r placed r ck i and tone or ,-et-y sandy lime ton , 
or wh re the r plac d lime t ne wa originally c ar . e-<>'l'Uinecl, a , for example, 
at the Big HutTicane min , \\'b re coat-. e-grninecl Boone lime tone ha been 
r placed by pink spa r on the border of the ore d po it. 

Calcite (tiff; On Oa) .-Calcite i not e. pecially prominent in the northern 
.Arkaosa min but o cur. a 11 minor <T(III"Ue min raJ in a la rge number of 
the d,eposits. It cr~' talliz in Yll"' a cl ar cal nohedrons, ste p negative 
rhombohedron , and, rur ly, flat n gntiYe rhombohedrons, or it may completely 
fill the center of other vu . so tbn t the cry tal forms ~:l o not develop. orne 
o ·urrenc f the hltt r •ln. s how cl t~va fac s a mu h a 1 f ot in diam­
et r. Locally the cal ite lin · an amber tin"'e. In the opper leYel of the Silver 
Hollow mine the nmb r co lor of th outer part of e rtnin scnlenohedr nl crys­
tals i harpJy clemarcateu from colorle or . alcite al o forms white or 
colorle s Yeinl ts or coar ely ry tal lin patches in lim stone where it i in 
no way connected with .the ore d po its . 

.A . ecoJldary form of calcite, la ter than the oxidation of. the ore , is de crib d 
on page 117. 

Chert (flint, jn p roid ; SiO,) .-In many of th ore d posit the lim, tone, 
dolomite, or le commonly sandstone that make · up the country rock has been 
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replaced by a den e g1:ay to black chert. The bedding of the replaced rock is 
faithfully pre ened. Lime ton i more ea ily r pia ·etl than dolomit , and 
where it is banded on a fine ·ca l eb~· the dol mite it may be r pta eel sele<:tively, 
leavin"' a banded mixture of d lomi t and bert. imila rly, ·cattered rh m­
bohedral grain of dolomite in chert lla1·e b n inh ritcd from a , imilar o ·cur­
renee of dolomite in lime ·tone. ln addition to it formation th rough r place­
ment of ediment , ome ch ert ba 11robably al~o b en clevelopecl by dire t crys­
tallization in open crack , but the amount i · mall. 

Micro copically the chert i usua lly found to contain re itlual grain of the 
replaced rock, the proportional amount of such r idual mat rial showing a ll 
variations. Dolomite grn ins, eYen where pa r tly rcplac<' cl, tend t JH' . n · 
their rhombic (cleavage) ou tline (pl. 11, A). Th micro ·copic quartz a-rains 
making up the ·bert form a mo ·nic in whi ·h the ind iYicl ual grain tend town rd 
prismatic elon.,.ation (pl. 10, "l , 8), regard! s f whpth r the rcpla eel rock 
is lime tone, dolomite, or sa ncl ·ton . \Vl1 r the quar tz grain ha1· not de­
veloped so abundantly a · to interfere with one anotl1er, they ommonly appear 
as well-formed microscopi cry tal encl eel within th lime ·tone or dolomite 
grain . Part of the iii a that i · ndtled to the min ralized and tones c ry. ta l­
lizes a ·econdary enlar ment of the ed imenta ry qunrtz "rait1;::, but th re i 
likely to be some deYelopment of prismntic ja.·pproid in t h iuter tic (pl. 10, 
B). 

Certain of these ch It that replace alcareous bed· . how ro. e ·ti n of 
fossil o ·tracodes, pre. ervecl a· a ·tippling of miuute dolomite h'Tnnule in th 
chert. The e fo ils may ..: how in ·bert that ha r epla · d dol mite, wher n 
adjacent remnants of unreplaced c1 lomite, thou"'h tl1 y undouhted ly contain 
the fossils, do not how them, or el show them rare!~· and v ry imp rfectly. 
It is of interest to ob en e that the e fo il have with toocl two repla cement -
first of linle tone by dol omite, and econcl of dolomite by ·hert. 

Feldspa1· (adu laria ; KA1Sb0s) .-The autiligenic occurrence of felcl par in 
lime. tones and dolomite of the Ev rt n fo rmation ha~ alreacl~· been cle ·cribed 
(p. 32). The same type of fe ldspar is found in the ore depo its, either in the 
jasperoid chert, where it may be interstitial or included in the quartz grain. 
(pl. 11) , or in the re iclual clay (beidellite) that ha · seg regat d nl ng the 
bedding planes or inter ·titially to the con tituent grain · of the country rock. 
Feld pa r i commonly developed where the jasperoid and clay minerals are 
mixed together in the ame band or segregated mass. It al o occur wi thin 
secondary enlargem nt of sedimentary quartz grains in cer1ain sand tones that 
have been mineralized (pl. 10, B). 

The feld par of the ore deposits is perhaps more pr lominantly rhombic in 
outline til an that found in the unmineralized sediments (pl. 10, B). The 
rhombic shape characteri.ze · that type of potash feldspar known a· aclula ria 
(see fig. 3, A, B ). The avera"'e . ize of the g rain , A · in the sediment., i · 
bPtween 0.01 an l 0.05 millimeter, and the max imum about 0.12 millimet r. 
Although tile greater part of the feld ·par i optically id ntiflable as ortbocla e, 
a certain percentage is microcline, ome of which i apparently untwiuned, as 
in the diments. The rnicrocline doe.· not po.- ·ess ry ·tal boundarie of its 
own and is probably of detrital origin, but it may ha,·e a euhedral border of 
orthocla:e, formed at a latPr time. 

The close similarity of the feldspa r in the jasperoids to that in the . edim nt~ 
sug"'e ts the possibility tha t the former is residunl from tile latter. If so, the 
replacement of limestone, dolomite, and and tone around the felll. par crysta)_ 
bas b en highly selective, fo r the crystal boundaries of the feld par in the 
ja peroid are as perfect as those in tile unaltered sed iments. On tile otiler hand, 
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the a sociation of adularia with ore deposits is widespread and well known,'" 
o that there is no specia l reason to question the contemporaneity of the feld­

spar with the jasperoid. Corroborative evidence for such contempora neity was 
found in thin section f rom the Red Cloud and Silver Hollow mines that ·bow 
repla ement veinlets of ja peroid, with a little adularia, cutting through 
clolomite and dolomitic sandstone in which no feldspar can be found . 

.A.t a few mines there are certain bi<>bly feldspatbic bed who e relation to 
the as ociated ore deposits are uncerta in. .A. typical occurrence, at the Salina 
mine, is in the form of a 4-foot bed in the dolomite layers adjacent to the ore 
depo it, extending at least 30 feet from the ore run. Tile bed appears to be a 
white opaque porcelaneous chert containin mall len es of embedded dolomite 
rhomb , but under the micro cope the "chert" i found to be compo ed of 
adula ria and clay (beidelli te) , with only a minor amount of fin e equidimen­
sional chert. 'l'he clay particles tend to aggr gat into len e having pa rallel 
optical orientation. The lolomite bed underlying this feldspathic la yer has 
been irr gularly invaded by the white feldspa r r ock alon" a zone of slight 
crumpling, the unaltered dolomite bowing both harp and gradational bound­
aries against the feld pathic mat rial. The latter i finely pyritic and locally 
contains grain of dolomite that ar l::t r o-er and ara'yer than tho e in the invaded 
r ock, but it may in turn be contained a mall nondolomitic flecks and lenses in 
purer ma e of th gray dolomite. The e\·idence is omewhat conflicting as 
between later r eplacement of the invaded dolomite by the feld par and the me­
chan i al sque zin" of the feld par rock into the underl ying dolomite while all 
the material concern d wer more or le pla tic. The first interpretation is 
favored. The replacement, however, apparently bore li ttle relation to the 
structural lines of th ore deposit and may pos ibly haYe had no genetic 
onnection with the mineralization, although an opaque white chert, of very 
imilar appearance, of which no pecimens were taken for micro copic examina­

tion, i clo ·ely as ociated with th ore in the adjacent ore borly. 
Q1tartz ( iO,) .-Although rather ,·vicl pr ad , quartz is nowhere >ery abun­

dant in the re depo it . Quartz of an ea rly generation ac ompanie the chert 
and is simply the form in which th silicification was manifested where cry tal­
lization was allowed to ta ke place in open vug . Thi quartz i cleat•, is 
finely cry talline (fr m pinh a(! to mi ro c pic siz ) , and form a thin initial 
film in the YU"" • Where it i not cover d by later minerals t11e cry tal faces 
are very perf ct, but underneath a layer of phalerite or pink par the crystals 
a r poorly formed and many of them a re round d. Po sibly some of this 
quartz in e1tain Jow-grn le replacement depo it in siliceou dolomite where a 
chert pha e i not clev lop cl may repre ent re !dual bu t recry tallized ilica 
after olution of the clolomit . 

Quartz of a second "'eneration, later than the main zinc and pink-spar phase 
of the min raliza ti n, has be n de,·eJop cl in a number of the dep its. This 
quartz i · oar r-grainecl the cry ta l rangin" from a quart r of an inch to 
2 inche in iz , althou h crx tal larg r than 1 inch a re not common . 

.A.ll the quartz ha crysta llized n pyramid ext ndin"' up fr 111 the . urface 
on which the cry tallization ha taken place ; the pri m fac a re either want­
ing or el e very sma ll. 

LJsphoUum, (pit ·II ).- mall black globul e f a phalt11111 occur with the ores 
at th l ola and Michignn mine . At the lola. it i.· nrlier than Lh al ite, which 
is appa.r ntl.r a product of the prinun·~· mineralization, and it has con equently 
been placed among the primary o-angue min ral . 

447, 1933. 
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SECONDARY MI~~RAL 

ORE :MINERALS 

Sntilhsonite (carbonate, turkey fat, dry bone; ZnCO.-Zu 5- percent).-Of all 
the mineral iu th field mith onite sbows by far the greate t vari ty in form 
and a ppearance. The average carbonate miner of the di trict ha l arned to 
recognize tbe different type through e:-..-p rien e, so that rarely i the ore over­
looked. To a mineralogi t unfamiliar with tbe fie ld, however, ome of the 
>arieties would be very puzzlin"' without ch mica! or blowpipe t t . In the 
followin"' paragraphs the cliff rent varietie a re de cribed under eparate heads. 

Gray carbonate (sometimes ca lled "Cl'YSta lline" a rbonate) : Thi i th roo t 
widespr ad and characteristic varict~7 , and the one that ha been of greate t 
comm ercial importance. It ha crystallized in vu"' in the form of r eniform, 
botryoidal, mammillary, or talactitic ma es, who e free urfa · commonly 
show a pearly-gray, fie h-colored, purpli h, or browni h "bloom", imilar to 
that on a grape before it ha ' been de troyed by handling. 'Vhen thes mas. e 
are broken they show a fibrou. structure perpendicular to the free . urface . 
G1·ay carbonate has been formed by precipitation from olutiou, the zinc having 
been tran ported for a sho'rt distance from its primary occurren e in sphal­
erite. arbonate with the arne pby ical form and with appar ntly tbc arne 
mode of origin ma.v locally sho\1' some color other· than the u ·ual <>ray. Beside· 
the yellow and red modifications referred to below, it may be b1·own or orne­
times black. 

A partial analy is of gray carbonate from the Philad lphla miu , mad by 
J. G. Fairchild, shows 0.32 percent of cadmium. Thi el ment i probably 
i omorphou with zinc in the carbonat , for xaminatiou under tb mlct·o­

ope at oil- immer ion magnifications reveal no impuritie . Smelter as ays of 
carbonate ore (ca rload lot ) from the Philadelphia. Capps, Big Hurri ane, and 
'ure Pop mines report 0.23, 0.20, 0.14, and 0.11 percent of cadmium, re pectively. 

Turkey fat: This variety is similar in form to the gray carbonate but dif­
fers in its bright-yellow color. In plac it forms the cores of stalactite that 
are compo ed otherwise of gray ca rbonate. More rarely the two forms may be 
interbanded. Examination of thin sections of turkey fat unde1· extremely 
high magnification discloses minute mos like inclusions of a bright-yellow 
color which are believed to be amorphous cadmium sulphide. These inclu­
sions may be concentrically banded on a fine cale. The actual amount of 
cadmium pre ent a sulphide i extremely mall, howev r- o small that the 
sulphur cannot be detected by ordinary method of analysis. The cadmium 
that is found upon analy is to be present iu appreciable amount i more prob­
ably in the form of carbonate, i omorpbou. with the zinc ca rbonate. In upport 
of this statement, partial analy es of two samples of turkey fat, made by 
J. G. Fairchild, are listed below, and with them one of gray carbonate for 
<!Omparison. 

Partia~ ana~yses of tttrkey tat and gra1J carbonate 

1. Turkey ra t, Monte Cristo mine._-------- ---- ------ --------------
2. Turkey rat, Philade!f.hla mine--, ------------------------------ --3. Gray carbonate, Phi adelphia mme _____ ________________________ _ 

Cd 

0. 26 
. 24 
. 32 

8 

None 
one 

Trace 

Fe 

I. 55 
Trace 

Trace? 

Sample 2 and 3 were from the core and peripheral regions, re. pecti\·ely, of 
a large sta lactite. The iron in sample 1 was segregated a some form of oxide 
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along certai n bnnd where i t oul d not be ea~ily epa ra ted from the sample. 
The e ana lyses a r too few to warrant any ·weeping conclusion , but it is 
intere. ting to note that the amp! of arny arbonate ontain more adm iu m 
than either of th amples of turkey fat, and that t race. of ulphur were 
d tectecl in the gray but not in the yellow vari ty. 

Sealing-wax cm·bonate: Thi , a lu.·t rou red form tirnt crystallizes imilarly 
to gray ca rbonate, wa. found on ly at the Monte Cri to mine. It i the re a very 
minor component of the ore . 

Black carbonate: When phaleri te change. to ·mithsoni te in place a blacki h 
cellular fo rm of ca rbonate i the normal prod uct. The a lteration begin along 
certain cleavage crack of the sulphide, and u ually during th later tages 
of the oxidation much of the remaining phalerite is leached ou t, lea ving a 
keletal network of thin blacki h carbonate plates that reprod uce the cleavage 
tructu re of the origina l mineral. Tbi platy tru ture i l iable to be modified 

or in part dest1·oyed by the olu tion that removed the r ~idual sphnleri te. 
Honeycomb a rbonate: Thi is a vari ty intermediate in character betw n 

bla k and gray carbonate. It ha · the pl~lty structure of the bla k ca rbonate, 
bu t the plates are composed of !!Tny carbonate. The mode of origin i a com­
bination f the two proce · · which , a ·ting alone, prod uce the black a nd gray 
type·. If the r . iclual plates fo rmed along the clea,age of the phalerite a re 
increa eel in thic.b:ne s by precipitation of gray cry ta lline carbonate from . olu­
tion, without the platy tructure bein"' de troyed the r ul t i the di tinctive­
looking type called honey omb carhouate. 

Rock car bonate: In a few place ca rbonate ha repln ced the country-rock 
dolomite or limestone. The r . ulting prod uct is a gray or fie h-colored rocklike 
form , eli. tingui hable on ly by it weight. 

Pink- par· carbonate: Tbi:· term i used t d cri be mi thsonite that has 
replaced pink- pard !omit , and th variety houlcl not be confu ed with t he pink 
par it elf. All tag s are retwcsented b tween a mere coating of the pink spar 

by zin carbonate antl ompl te r pia ement. The final p rod uct of complete 
r plac m nt i a dull-lu tered a lmon-colorecl or fie h-colorecl form of ca rhonRte, 
p.·eu(l morpbic aft r pink par but with the cry ·ta l form somewhat tnodifi d in 
the pr oce . 

Zinc carbonate ha also formed simply n a oating on top of pink par. 
Such carbonate is commonly of the gray cry ta lline type already d cribed. 
The pink par may be leached out Jut r·. leaving a hollow ca rbonate · hell that 
pr erv s the cry. ta llin ·hope of th pink l)ar. 

Replacement of cry. talline cn lcite by mith onite i r ar . Th onl y e. ample 
ob e rY d b.v th wri ter was in a lllall vug in th Monte ri to mine, where 
11 tl h-color cl opaqu f rm f mith onite i · p euclomorphic after rath r fine 
"dogtooth" ( calenoiled r.al) cr~· sta l of calcit . A unique pecimen in the 
coli tion of th !at . l<J. 'i bentha l, label d a from the ro rnin~ tar mine 
at Ru.- h, i a rnth r spon"'y shell of gray arbonu te in the form of :t la rge 
scalenoh dr.a l cry tal of ca lc.ite. ~l'he xterm11 form f the cr~· ·tal has b,een 
pr · n ed, within whi ch i · a network of carbonat plate , retroducin" the 
cleavage plane of th riginal ca l ite. 

Rod cnrbonat : vera! mine, , ch ief! ~· iu the northern pn r t of the el i t rict, 
onta in mall quantitie of mith onite in the form of a"gre;:;nted alm n­

color d or fl b - olored rods. '.rh e rod are of about the . ize and llape of 
fly . ggs. 

Egg ·hell carbonnte, flou r a rbonate, porcelain ca rbonate: This variety :(las 
apparently be n conf u. eel with bydrozi.ncite. Th e<>gshel l ca rbonate occurs 
a thin cha lky-whit layer banded in gray carbonate. Wh en e.'\:amined under 
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the microscope the "shells" ar e found to be made up of a multitude of small 
crystals, all oriented with their c axes perpendicular to the plane of the 
sb,ell. Fragments of the shell gi1·e perfectly centered uniaxial interference 
figures. F lour carbonate is usually found filling t ocket in the ore. It is the 
same as the eggshell nriety except that the crystal , 1vhich make up the 
pulverulent mas , show haphazard orientation relative to each other. The 
matelial is too fine-grained to obtain optical interf renee figur,e , but the 
indices of refraction a re tho e of miU1 onite rather than of hydrozincite. 
Where the flour carbonate is not pulverulent, it may be appropriat ly called 
porcelain carbonate. 

Pine-bark carbona~e: At four mines in Newton Coun ty-the Bald Hill, 
Brewer , Ponca City, and Lamar-a peculia r type of carbonate is found, rather 
abundantly at the Bald H ill. It i gray or browni h and i made up of rather 
loosely joined concentric hells. The ore, when broken, resembles slabs of 
pine bark. It has fo rmed by replacement of Boone limestone on the borders 
of ore-bearing fi sures, the layering being parallel to the bord·ers of the fis­
sure·. Appa rently limeston,e rather than dolomite wall have something to do 
with determining the conditions under which it is formecl. 

Rhombohedral carbonate: A 1·are form crystallizes in rhombohedrons abou t 
the size of a pinhead. Th-e form res mbles that of cry talline dolomite, but 
the c1·y tats are transparent and have a more brilliant luster. The crystals 
are usually colorle. s, but at the tarkey mine they are yellow. 

Hydrozincite (2ZnCOa.3Zn(OH).-Zn 59.5 percent).-Hydrozincite is rare in 
northern Arkansas, having been identified at only the Cane Spring and Mar­
g uerite mine , where it is sparingly developed. In the Branner and Adams 
repor ts the eggshell ancl flour types of zinc cm·bonate were apparently identified 
as hydr<Ytincite, owing to the small amount of water that they commonly 
·Occlude. Microscopically, however, their properties are those of smithsoni te, 
as pointed out abol-e. 

Oalarnline (zinc silicate ; (ZnOH)z.SiO.--Zn 54.2 percent) .-Calamine is an 
important oxidized ore mineral of zinc, e pecially in the Zinc district. A great 
.part of it occm·s in colorless, flesh-colored, brown, or black crystals. The black 
silicate, like black carbonate, is formed by alteration directly from sphalerite, 
without intermediate transportation in solution. At the Ponca City mine, in 
the Ponca district, some of the crystalline calamine is yellow, owing presumably 
to a small amount of occluded cadmium sulphide. Ma se of Uicate, where 
they develop in open v11gs, resemble in shape those of gray carbonate fo rmed 
under similar condition . Locally calamine has replaced pink spar, pre erving 
the crystal shape of the spar, or it has replaced jasperoid cher t adjacent to 
the mineral-bearing pockets, yielding a flesh-colored product of the same texture 
as the replaced chert. 

Tallow clay.-Tallow clay, in its purest form, is a brownish-red to orange­
-colored, locally white clay of very fine-grained texture, resembling tallow or lard 
in consistency. Upon drying it brinks greatly in volume and usually breaks 
up into many small pieces that show a conchoidal fracture. Its usual mode of 
>OCcunence is as fillings Gf pock ts in oxidized ore deposits. Tallow clay from 
Arkansas has been cited 27 as a zinc-bearing clay of indefinite compo ition, in 
which the zinc is uppo eel to be presen t as a silicate, resembling calamine. 
Three analyses for zinc, made by J. G. Fairch ild in the chemica l laboratory of 
the United States Geological Survey, bear out this statement, as fo llows: 

"'Adams, G. I., Zinc and lead depos its of northern Arkansas : U.S. Gcol. Survey Pro;.. 
Paper 24, p. 40, 1904. Branner, J. C., The zinc and lead rciPon of nor th Arkansas: 
Arka nsas Geol. Survey Ann. Rept. for 1892. vol. 5, p. 266, 1900. 
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Browni ·b-red tallow clay, Capps mine Rush district, 0.6 percent Zn ; light-gray 
tallow clay, Gloria mine, Zinc district, 17.2 percen t; flesh-colored tallow clay, 
Sil,er Hollow mine (lowe1· level) , Rush district, 22.0 percent. Practically all 
of the zinc was extrac table by treating the clay with acid . Reddish vari ties 
of the clay resemble purer specimens of the re idual clay that is left by the 
weathe1ing of limestone, and this seems to be the origin of a certain component 
of the material under discussion. It ha been ca rried by water, probably in 
colloidal su pension, to the vugs, in which it wa deposited in combina tion 
with the zinc-bearing component. 

Centsite ( lead carbonate; PbCO.-Pb 77.5 percent) .-On the whole c ru ite 
is of no great importance in northern Arkan a . At a few mines, however, it 
i pre en t in small amounts, a nd at the Ba ld Hill mine commercial topes were 
opened in lead carbonate. It occur here n.· white or cream-colored fibrous 
crystals with a silky lu ter. At tb e Pigeon Roo. t mine flesh-colored ceru ite 
has replaced pink par di seminated in th e chert. El ewhe re in the region 
•erusite occur paringly as an ashy or chalky white coating of galena, or as 
"nt ~· to white cry. ta ls a sociated witb ga lena. 

Angles~te (PbSO,-Pb 68.3 percent ) .- Al though angle ite may be of commone1· 
oc urrence in the region tban here indicated, it was identified only a t the 
Tallow Clay mine, where it forms white chalky masses. 

Pyrornm·plllite (green lead or ; 3Pbs( PQ, ),.Pb b-Pb 76.3 percent).-Pyro­
morphite occurs a · an olive-"'reen , taio at evera l mine. in th e Dodcl ity and 
upper Cave Creek districts, and at the Pigeon Roost mine it is present in the 
fo rm of minute radiating ba rrel- haped crp::tal:s. 

Wulfenit e (PbMoO,-Pb 56.4 percent, Mo 26.2 percent) .- Wulfen ite is repre­
s nt d in th 1\Ii,si, sippi Vnll ey, so fa r as known, by a ingle occu rrence in 
northem Arlmn as, at the hira min . It form re inou ~-eltow cry tal as 
mu~h as a quarter of nn inch acros . in company with cry talline cerusite, on 
the surfaces of ga lena masses in residual red clay. 

Malachite (Cu Oa. u (OHh- u 57.3 perc nt).-The n o iation of ·peck nf 
the green cn rbona te of opp r . malachite, with black zinc carbonate ot· black 
s il icate is very common. Such a ombination ha a lte red in place from pecks 
of cha lcopy1·i t in or on . pba lerite. Wh n, und r conditions of oxidation, the 
metal o into olu tion and are tr an por ted any di tan e from their original 
si te of cl epo ition a . ul phide , the c pper i u ually lo t, although tbe zinc 
may be r precipitn ted in on of ,·era! fo rm of ca rbonate or ilicate, already 
de-crib d. Wh r th OJ1[ er come clown again it i. in tbe form of autichal cite, 
the double carbonate of zinc and opper . At the 'l'omahawk copper mine, 
where the primar)- ore con ist of pyri te a nd halcopyrite, unlike that a t any 
other min or pro:,;p tin the el i t rict the o:.-..i<l izecl ore is "' reen tibrous ma lachite 
in a matrix of brown and red iron oxide. 

A.::mrite (2 u o •. u (OH ),- u 55.1 p r nt) .- The azure-blue type of opper 
carbonate fo rms und er the ·ame cond ition as malachite in this district, but 
it i rar . 

Attriclwlcite (2( Zn ,Cu)C0,.3( Zn,Cu) (OH ).) .- Aurichalcite i r ather com­
mon a · sma ll 1 ale-g reen pearl~' globul e , lining cav itie ·. The g-Iobul s a re 
made up of clu ter. of thin scale . 

GANGUE MINERALS 

Calcit e (tiff; a Q, ) .-At the Monte risto mine and to a less extent at 
two or three others in the Rush eli trict calcite has cry tallized la ter than 
zinc carbonate in the form of white, poorly formed disk-shaped crystals (fla t 
rhombohedrons ) that commonly aggregate into ro ettes, or, where they are 
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more closely packed, into globular forms that re eml>le hailstones; A whit · 
tran lucent stalagmitic type which i very abundant at t he Monte ris to• 
mine, probably represen another form of the arne ry tallization .. Sb losely 
does thi type re ·emble in hape botryoidal fo rm · of gray zinc car·tlonate that 
much of it ha been mined out ancl li s in an "ore 1 lie•" on• th · clump. The· 
calcite i whiter and more "watery" in luster than the zinc carbonate: 

A1·agon:£te ( a Q,) .-A pecimen pi keel up on the clump of the -r.ronte· ri ·to· 
mine show long pointed columnar cry tal of ara onite· form "U u• tor of 
gray zinc carbonat. Ara"onitc al o occu r.· a t th lllnmlt H om pro;:;pect an(} 
at the Omenm mine. 

Gypsum (CaS0,.2ELO) .-At several widely . catterecl mine gyp urn · occu rs in 
vugs as clear tabular crystal . It may a l o o ur in earthy mR .·es where 
waters containing ulphuric acid from oxidation of ulpbi cle min •·at , esp cially 
pyrite, have traver eel calcareou rock . 

EpsO'In-ite (Mg Q,.7Ho0).-Althoug-h probnh ly a common c n t!tueut of the 
efflore cences in old mines, epsomite wa identified only at th · R d loud" 
mine, where it forms white hairlike oluble crystal on the· mine wnll . 

Go.lctrite (ZnS0 •. 7H,O).- Go. hll"it wa · not identified by the writ r but is· 
rec·orded in earlier publLhecl repor ts on the eli tri t. It doubtle.· · occur in• 
efflorescence· on orne of the olcl mine wall . imilarly to ep omit : 

C01Jiapite (ba ic f lTiC ulphate, per hap 2F e, •. 5 o,.l H,Q.) .- mall ulphur~ · 

lil>e <>lobu le from oxidizing portion. of tb pyritic bo ly on the ugpcr le> Lor: 
the ilver Hollow mine have be n identified as copia pite .. 

PARAGENESIS 

As the order in which the different minerai were d"eposit a· is: 
believed to have an important bearing on the origin of the ore con­
siderable attention ha been paid to thi phase of the mineralization~ 

As was pointed out in the di cussion of the Everton litholoo-y, the· 
proce s of dolomitization is believed to have been related to edimen­
tation and not to ore depo ition. At any rate1 it everywhere pre­
ceded the silicification that con titut · the earlie t r co~niz d pro e 
definitely connected with the mineralization. As the u ual method 
of determining order of crystallization, by noting the_ ord r in which 
minerals have crystallized on top of one another in vugs, is not ap­
plicable in determining the relation between dolomitization a.nd: 
silicification, some of the criteria u ed may be mentioned. 

1. At numerous places in the Everton shatter breccias show· frag­
ments of dolomite in a matrix of chert. The boundane · betweell! 
fragment and matrix may be sharp, e pecially in the fin e-oTained 
dolomites, or they may be gradational in the oar er-!!rained dolo­
mites, where a coar er poro ity has favored penetration and· replace­
ment of the fragments by the silica-bearing solutions. Thi ·general 
difference in the type of boundary indicates that the liff renee in 
porosity of the fragments exi ted before the ilicification ~ . 

2. If silicification preceded dolomitization, then a breccia in which 
chert forms the matrix for dolomite fragm nts must have been .,... 
preceded by a breccia in which chert formed a matrix. for lime tone· 
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·fragment . r o exampl of the latter type of breccia are known in 
the di trict. It i inconceivable hat, had uch a breccia exi ted, all 
.of it should have been later comr letely dolomitized. Fmthcrmore, 
·where limestone of the Everton formation has been mechanica.lly 
·deformed, it eem to have yielded by shearing and by beino· 
·squ ezed, ra her than by shatterino- into fragment , so that breccia 
-of the typ that i ommon in the ore bodie mu t have been produced 
in dolomite rather than in lime tone. 

3. Bandino- of lime tone by dolomite along beddino- plane in the 
Ev rton fo rmation i characteri tic, and in extreme ca the two 
-rocks are finely interbanded in nearly qual amounts. Bancling on 
.a similar pattern of limestone by chert i unknown in the field; 
.the boundary between lime tone and chert is characteri tically in­
definite. H ence in the numerous example where dolomite and hert 
:are interbanded the dolomitization must have preceded the chert, 
which came in at a later epoch and electively repla ed the lime­

:stone. 
4. In places chert bands between lolomite band grade laterally, 

within a few feet, into lim tone bands between dolomite bands. If 
;the dolomitization came later than the chert it should have replaced 
;the lime tone bands that are a continuation of the chert bands, as 
•well a the lime tone bands that lay between the chert band . 

The ord r ·of cry tallization during the period of primary miner­
·alization a hould b e:\.-pected, ho,vs ovel'lappino- of certain min­
•eral onto .other , and variation from the normal order may app ar 
in certain d~po its. Th u ual parao-enetic order, however, as 
:follows·: 

1. Ja ·peroid chert, tine dru y quartz, anll probably feld par. 
2. pbalerite and gal na. 
3. Pink- par dolomite. 
4. ha leopy rite and enargite. 
G. oa r ely crystallil1e quartz ( ~ to 2 in b crystal ) . 
6 . . Calcite. 

Where chert and fine dru y quartz are pr~ent in the depo it they 
:are the first, .or am on()' the fir t , to cry tallize. 1 hey are imply two 
.different expres ions of the same proc , the cry talline quartz being 
:the form a umed where the cry tallization occur in open vugs, 
•whereas the -chert:has in large part replaced sediments. 

Limestone i -more su ceptible to replacement by chert than dolo­
·mite and in many localities has been r eplaced selective1y. That 
•dolomite 'has .been frequ ently replaced, however, is substantiated in 
:several •ways. Y eins or bed of chert parallel to the bedding of 
·dolomite :may r present a later r placement by chert of limestone 
that had;previous]Jr escaped replacement by dolomite, but where chert 
veins, with :irregular_gradational borders, cro cut the bedding of the 
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dolomite, the evidence is strong for replacement o:£ dolomite directly. 
The replacement has occurred along eros cuttinu crack . Very rarely 
the chert vein may pre erve the banding o:£ the dolomite parallel to 
the bedding by alternations in intensity o:£ th blaclrne s of the ch rt. 
Where the replacement occurred on a finer ca le, the chert veinlets 
may wander about aimlessly in the dolomite, expanding, contracting, 
and dying out abruptly, with clear-cut boundaries in some places 
and gradational boundaries in other . The result may be a peculiar 
mottled rock, superficially resembling a breccia, a is well exemplified 
on the lower level o:£ the Silver Hollow mine. In a few places the 
chert has replaced sandstone. 

In some deposits where the chert has developed as a matrix to 
breccias, it probably represents in part a direct crystallization in 
open cracks. In such deposits it is impossible from ordinary in pec­
tion to distingui h between chert that has :formed in an opening and 
chert that has replaced the outer edges o:£ a bre cia fragment. In 
fine·grained dolomites the replacement by chert along c rtain cracks 
or along the borders o:£ breccia :fragments may simulate a simple 
fracture filling, inasmuch as the boundary between replacing chert 
and replaced fine-grained dolomite is generally sharp. 

The only minerals that overlap the period of crystallization of 
chert and quartz to any considerable extent are sphalerite and prob­
ably galena. While the mass of the sulphide crystallization was 
later than the silica, wherever sphalerite is disseminated in chert 
it i believed to have cry tallized contemporaneously with the chert. 
This conclusion is supported by the fact that where chert is banded 
in dolomite or crosscuts it in replacement veinlets it may carry 
disseminated sphalerite, whereas the adjacent dolomite is commonly 
barren. It seems more rea onable to assume that the silica and 
zinc were introduced along the same channels at practically the 
same time than that the sphalerite r eplaced chert in preference to 
dolomite at some later time. That the silica was probably never in 
the state of a colloidal precipitate, in which form it might have been 
pervious to later zinc-bearing solutions, i indicated by the common 
occurrence of fossil ostracodes in chert that has r eplaced limestone. 
These fossils should have been destroyed had the enclo ing chert 
ever gone through a plastic stage. 

If the inference is correct that the feldspar in the jasperoid chert 
was :formed during the ore mineralization, it probably is contem­
poraneous with the chert, for it has not been :found with the later 
minerals. 

Minerals that :follow the chert in the paragenetic sequence occur 
in it in the form of bedding veinlets, crosscutting veinlets, and re 
placement pockets. Evidently the silicification made the rock im-
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pervious, so that later solutions were confined to comparatively open 
channels. 

The relation between sphalerite and galena is not known, as they 
have never been observed together in the same vug. Where they 
occur together in solid masses, they are intergrown in such a way 
as to suggest essential contemporaneity. At the Golconda mine the 
tendency of galena to occupy the centers of certain veinlets, with 
phalerite along the borders, ugge ts that the galena may have here 

been somewhat later, but this is the only example of its kind that 
was observed. 

Pink-spar dolomite is almo t contemporaneous with sphalerite 
but tends to be slightly later. Thus, while in a large number of 
deposits the two are intergrown in such a way as to indi a:te that 
they crystallized at practically the same time, in other pink-spar 
crystals have formed on top of phalerite cry tal , or pink spar 
forms the inner layer of drusy veinlet and pockets that contain 
sphalerite in their 'Outer layers, and e pecially along their lower 
sides, indicating that the ulphide has averaged earlier than the 
spar. It i probable that the period of deposition of the pink spar 
covered a somewhat longer time than that of sphalerite. 

Where pink-spar dolomite and chert are banded together along 
the bedding planes in Everoon dolomite the pink-spa.r band , which 
may or may not r.arry phalerite, very commonly lie above the chert 
bands. In cross ection the chert bands are usually separat d from 
the overlying pink par by harp-cut straight lines (bedding lin s), 
whereas their lower boundarie grade into the underlying dolomite. 
Where combined pink- par and chert veins cut diagonally aero s 
the dolomite bedding the arne relation of pink spar to chert is fre­
quently found, although the boundary between the two is not so 
straight. If the pink spar and chert had crystallized imulta­
neously from the arne olution it is difficult to ee how th y could 
have be n segregated, under the force of gravity, o that the pink 
spar went above a certain line and the chert below it. If, on the 
other hand the chert egregated first along its numerous bands, as 
is believed to be the ca e, then it imperviousne relative to the 
country-rock d'Olomite would tend to make the tops of chert bands 
the sites of maximum movement for later solution , provided the 
rock were not completely aturated a.nd provided, further, that the 
prevailing direction of water movement through the zone of depo i­
tion were lateral, with gravity as the dominant force actino-. Such 
onditions would undoubtedly tend to concentrate the replacement 

by pink spar and phalerite, effected by these later olution , in 
Z'ones immediately above the chert seam . In ome depo its where 
pink spa r i not very abundant, only sphalerite may occupy the 
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po ition above ch rt band , and in a f w pla e at the app mm 
the late generation of qua rtz a ume thi po ·ition. The occur ­
rence of ch rt band below band of pink par and phalerite i 
be t ho,Yn at th app min . Y.o t of uch occurr n e app ar to 
lie ut ide of the r icher ore run . Th occurren e of hert below 
replacem nt pocket of pink par in and tone ha. been ob rved 
but i not o conunon a where the ountry rock i dolomite. 

Gray-spar dolomite i b liev d to hav formed contemporan ou ly 
with pink ·par and e pe ially during the later tages of pink- par 
depo ition. Some of the gray par ontain a mall amount of chert , 
and ome of it carries a little di seminated phalerite, but the o-r ater 
part of it is non iliceou and relatively free from ulphid . Seam 
of pink spar that occur in gray par and that are believed to have 
formed contemporaneou ly with the gray spar are chara t ri tically 
very lean or barren of ore. The evidence thu indicates that the 
gray spar wa formed later than the main chert and ulphid min­
eralization. The common location of gray- par replacement bodies 
on the border of ore depo its is due to the inva ion of fre h lime­
stone by the mineralizino- solutions at a relatively late tage in the 
period of mineral depo ition. H ad these particular olution. re­
mailled in the o-eneral channel followed by the earlier olutions the 
dolomite would have been depo ited as barren pink par in rack 
and bedding veins through the earlier formed chert . 

Chalcopyrite normally occur a mall cry tal on top of sphalerite 
or pink- par dolomite cry tal but there are numerous depo its in 
which it may be embedded in one or both of the e mineral , and in 
a few deposits (Roaring Hollow, Marguerite, Ruby, Turkey Fat near 
Maumee) it is rather narrowly limited in time to a period between the 
cry tallization of the sphalerite and that of the pink par. It may 
al o be embedded in crystalline calcite but nearly alway in the 
earlie t formed portions of crystal , at their ba e- . Although chal­
copyrite may thu how con iderable variation in its parao-enetic 
relation , its position in the sequence of crystallization in a given 
deposit is likely to be fairly well defined. This position i u ually 
the one given in the tabulation on page 119. Chalcopyrite i char­
acteristically associated with sphalerite but has never been observed 
in close a ociation with galena. 

At the only locality where enargite is present it has cry tallized 
on top of sphalerite cry tals and is earlier than calcite. Its relation 
to the associated chalcopyrite, which how the same relations to the 
other minerals, is not known. 

A sec~nd generation of quartz was developed in several depo its 
at a penod later than the chalcopyrite but earlier than the calciee. 
I n places it is on top of pink spar, but very commonly the pink 
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spar has been removed where the quartz has been depo ited, indi­
cating that it wa unstable iJ;J. the silica-bearing olutions. 

The final mineral to crystallize during the period of primary 
deposition was calcite, in clear calenohedrons or steep-sided rhom­
bohedrons, more rarely in flat rhombohedrons. 

The po ition of pyrite in the sequence is not known, owing largely 
to its modes of occurrence other than in open vuas. At the Lion 
Hill mine a small cry tal was noted on top of crystalline chalco­
pyrite, and at a few other place pyrite has been observed on top of 
crystalline sphalerite, but these observations are so rare as to be of 
little value in placing pyrite in the sequence. 

The single occurrence of marcasite in the northern Arkansas ores 
is earlier than the sphalerite (ruby jack) with which it is associated. 
It is possible, from the incomplete evidence available, that the mar­
casite may entirely ant€date the zinc-lead stage of deposition; other­
wise it appears to be fairly early in this stage. 

R EGIONAL DISTRIBUTION OF LEAD 

Whereas the small amount of copper that occurs in the northern 
Arkansas region is more or les co xten ive with the zinc in its dis­
tribution, the lead is restricted to certain districts. The three de­
po it in '\Vashincrton ani Benton Counties here lescribed carry a 
littl lead. The d •po it · of northern Newton C'ount.y, more spe­
cifically those of the Ponca-Boxley, Little Buffalo River, and upper 
Cave Creek districts, are lead-bearing, and some of them have pro­
duced lead in commercial quantitie . In northeastern Boone County 
lead occurs in small amounts at the Elixir, Low Gap, and Morelock 
prospects, in the West Sugarloaf Creek-Malden Creek district, but 
is not especially conspicuous. East of this district, however, through­
out the Dodd ity and Short Mountain districts, in northern Marion 
County, lead is fairly prominent. It occurs in most of the deposits 
of these districts and attains commercial proportions at several of 
th mine . It is generally accompanied by zinc and is subordinate 
to the zinc in quantity. The other di. tr-jcts of northern Marion 
County, including the George reek-Jimmie Cr ek di trict and the 
Big Music Creek- ister Creek di trict, contain scattered occurrences 
of lead, but nowhere is the amount large enough to be of very great 
ommercial value. Lead has b en found at everal depo its in north­

ern Baxter ounty, and the Shiras mine has produced a few tons 
of galena. A few of the pro pects in Sharp and Lawrence Counties 
likewise contain galena. 

Lead i conspicuously absent from the Zinc district and from the 
districts in Marion and earcy Counties that lie south of Crooked 

reek. Within the districts mentioned only two occurrences of lead 
60~71~%-9 
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are known to the writer, and both of them are in ignificant. One 
of these, reported on good authority, i at the Rhodes- 1anchester 
mine, in the Zinc district. The other is at theW ater Creek lead pros­
pect, in the liV ater r ek ~i trict. It i ju t those districts that are 
la ·king in lead that have yielded the cn·eat r part of the zinc pro­
duced in the northern \.rlcan as region. 

Whatever the factor or factors that hav determined th pre ent 
geographic eli tribution of lead may be, the g ologi horizon of the 
deposit i apparently not one of them. t ome pla e or other in 
the northern rkan as region lead occur in every fo1mation that is 
known to be ore-bearing within the region. 

OCCURRENCE OF THE PRIMARY ORES 

GEOLOGIC HORIZON 

The more productive mine and more promi ing pro pects of the 
region are in either the Everton formation or the Boone formation. 
With the latter may be grouped three or four deposits of the Ponca 
di trict that lie at the v ry ba e of the Bate vill and ton . Low­
grade depo it, also occur in the Powell and Cotter dolomit s. 1 he 
Smithville and Black Rock formation , the fir 't of which, accordin«Y 
to Bridge and Ulrich,28 contains the depo its of harp and Lawrence 
Counties, appea r to occupy the ame po ition in the tratigraphic 
column as the Everton formation to the west, but Ulrich, on the 
evidence of fossils, con ider that they are older. The ore depo its 
contained in the Smithville are not as rich as those in the Everton 
and Boone, nor have they been as exten ively exploit d. ome of 
them, however, have been moderately productive. 

The Everton formation is the horizon of the ore in such productive 
districts as Rush, Zinc, and Water Creek. In addition, it contain 
most of the scattered deposits that occur throughout the region. 
Of the 300 or more mines and pro pects examined in the western 
part of the field, west of Sharp and Lawrence Counties, 70 percent 
are in the Everton. The percentage of productive mines is consid­
erably less, however, owing to the large ratio of productive mines 
to prospects in the Boone formation. Apparently all horizons of the 
Everton have been mineralized at some place or other. 

Deposits in the Boone are much fewer, although a much larg r 
percentage of them have been productive. Most of these are in 
Newton County. In Marion and Boone Counties, between Kingdon 

pring and Zinc, there are four depo its, not very closely associated, 
in the St. Joe limestone member. The most productive of the e is 
the Coker H ollow mine, near Zinc. The pier mine, near Y ardelle, 

28 Br idge, Josiah , personal communication. 
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and the Big Hurricane mine, which lie in ea rcy ounty just 
aero s the ewton County line, are both on fault that bring the 
Boone into contact with th e EYerton at the horizon of the ore 
dcpo its. 

At th e Br wer, Kilgore, and Beech wool mine and pos ibly at the 
Ponca City min , all in the Ponca di tri t, l ad ore occurs in the ba al 
clay of the Bate ville andstone, in association v;·ith lead and zinc 
ores in the immediately w1derlying B oone. 

Although the Powell dolomite ha been exten ively prospected 
and bows considerable e\·idence of ore at widely cattered localities, 
it doe not contain a ingle importa11t mine. Mineralization i con­
fined chiefly to a single bed 7 to 10 feet thick, that lies about 60 
feet above the base of the formation. Mines and pro pects in thi s 
bed , the o-called t" Black Led<Ye," are scattered irregularly along 
its outcrop in northern Marion County and northea tern Boone 

ounty, north of Crooked reek. In northeastern Boone ounty a 
similar ledge, not quite o thi.ck, lying about 30 feet above the base 
of the Powell, contain dep . it in evera.l place . Out id of these 
two horizons, mineralizati on in th Powell is very meager. The 
Bear Hill mine i ·aid to have ca rried mineral throu<Yhout the depth 
of the shaft, the bottom of which_ penetrated fo r some eli tance into 
the Powell. lthough th workitw wer inacce ible to the writer, 
·o that thi statement ould not be v rifi d directly, the lithologic 
character of the hat pile would indi ate that much of it was Powell 
dolomite. 

D epo it in the otter dolomite are very widely cattered but are 
nearly all of low grad . P rhap th mo t p romi ing is the Ni hwitz 
pro pect, near Bull hoal Mount:ain. 

The mithvill formation in ha.rp and Lawrence Counties has not 
b en tudied in detail. I re mble the Everton in lithology but 
·ontain ore d po it that al'e of omewhat le s importance. Ac­
cording to Bridge and Ulrich,29 the ores are contained in the basal 
part of the formation. 

The factor that ha apparently d termined whether a formation 
was mineralized or not is permeability to solutions. Of the two 
main ore carrier , the Everton is a dolomite (at lea t where mineral­
ized to any extent) and the Boone is a limestone. Sandstones that. 
are interbedded with min ralized dolomite of the Everton likewise 
carry ore. Finer-grained dolomite , limestone , and and tone be­
longino- to other formati on are not o extensively mineralized .. 
H ence th hemi al composition of the rock would appear to have· 
little weight unle s some less tano-ible chemical factor , such as­
organic content, were the dete rm ining factor , which eem improb--

"' Bridge, J oslab , pc t·sonnl commu nica tion. 
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a.bl . On the other hand, b th th Everton and the Boone ontain 
a considerable percentage of coar -grained porous material, and 
both are recognized horizons for the movement of ground water 
under the pre ent topographic conditions. The mineralized beds in 
the Powell are coar er-grained dolomites in an otherwise fine-grained 
formation. Apparently then, the permeability to olutions has been 
the important factor. ndoubtedly structural conditions have coop­
-erated with rrreater textural porosity to concentrate undero-round 
<:irculation into these two principal ore carrier , but because much of 
the final emplacement of the ore is effected by a process of replace­
ment, the texture of the rock i of itself apparently very influential. 

The Fern ale limestone is a coarse-grained, porous rock that is 
fairly well distr ibuted, though irregularly, over the southern part of 
the Yellville quadrano-le. The fact that it is nowhere mineralized 
is evidently a result of its thinness and its discontinuity. The same 
consideration· apply to the lime tones of the Silurian, which are 
ev n less extensive than the F ernvale. 

STRUCT RAL RELATION OF THE ORE 

The ore deposits of the di trict are developed either along faults, · 
or else in runs-and blanket veins. The fault deposits are few but 
include two or thr very productive min . The IYreater number of 
the deposits occur in the form of nms and blanket veins which may 
be defined collectively as mineralized bodies that are irregular in 
ground plan and limited to certain beds or groups of adjacent beds 
in horizontal or gently tilted trata. The run differs from the blanket 
vein in that it shows an elongation in ground plan and is generally 
richer. There is no hard and fast distinction between them, how­
ever, as the run is simply a special linear development of a blanket 
vein along a line of maximum underground circulation, and very 
commonly the two are developed together. Ther-e are all gradations 
between them, and the distinction between them is applicable only 
to the end members of the series. 

The shape of the run in ground plan may be fairly straight or 
it may be curved. It may be simple, or it may have numerous prongs. 
Locally, as at the Capps mine, several adjacent runs may parallel 
one another as parts of a structural system, but usually there is no 
system. The runs are localized along lines or zones of very slight 
structural break that have formed channels for the movement of 
underground solutions. Any sudden change of dip, however slight, 
may produce the requisite amount of shattering along the a:A-i of 
the bend. In places the only break is an insignificant fracture or 
zone of fracturing, without displacement, that may be limited to J he 
ore-bearing beds. When the ore is removed the fracturing may . how 
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on the roof of the tope, or on the other hand all evidence of it may 
be removed-as has been the case at the Gloria mine, at Zinc, to cite 
a typical example. In other places the character of the break may 
be more pronounced, as where the. rock is shattered along the axis 
of a minor syncline, anticlin , or monocline. The monocline in par­
ticular seems to offer very favorable structure, and a drop of 2 or 
3 feet, if the movement is adjusted within a rather narrow belt, may 
produce a rich run. (See fig. 8.) Where uch small structural fea­
tures have been so important in determining the conditions that are 
favorable for ore deposition, it seems that irregularity as to trend, 
continuity, and tenor of the deposits is to be expected. 

The richer deposits of the district have commonly been described 
as "breccias." Most of them might better be de cribed as "shatter 
breccias." The movement of the fragments has been very slight, as 
regards both change in relative position and change in orientation. 
This is not obvious in the more massive beds, because in the absence 
of bedding lines and variations in lithology there are no criteria by 
which original orientation and po itions can be determined. In 
many places, however, adjacent fragments of rock can be fitted 
together in their original pe itions, and the shattered tratum that 
make up the breccia can be followed laterally to a point where it is 
unbroken (fig. ) . There is, of cour e, bound to be some random 
ori ntation of fragments in certain parts of the ore depo it a a 
re ult of the movement to which the shattering i due, and there is 
in addition a certain amount that can be attributed to lumpage as a 
result of olution pr bably im·ino· the mineralization, through the 
shattered deposit. These more pronounced br ccia D"rade into the 
shatter breccias and are ubordinate to them in importance as ore 
carriers. Brecciation that was produced by olvent effects of the ore 
solution is especially prominent in the few d po its that occur in the 
St. Joe limestone, as ex mplified in the Coker Hollow mine. 

Although fault breccias and solution br ccias that antedated the 
Ol'<'S have not generally been ore carrier they are con picuously 
associated with the ore deposits. In the Rush district mo t of the 
productive run are directly connected with the Rush Creek , Monte 
Cri to or Silver Hollow faults (pl. 4). In the Cave reek district 
the Bald Hill and Confederate mines lie near the Con£ derate fault. 
Owin O' to the mashing of the rock along fault plane with conse­
quent de truction of all openings and perhaps al o with the develop­
ment of a clay O'Ouge, the actual fault breccia i un-favorable for 
depo ·ition. On the other hand, the shattering induced by light 
movements in the rock adjacent to faults produces structural features 
that are highly favorable to ore deposition. Any tendency toward 
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the development of a matrix to the f ragments, wh ther by simple 
mechanical g rinding or by ·olution, i distin tly unfavorable to 
later ore deposition. It is probable that in thr f w important 
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deposits developed along faults, all of which are at present inacces­
sible, much of the ore is developed in the shatter ed Boone limestone 
adjacent to the fault plane, rather than directly in the fault breccia . 

.,-
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The relation of premineral solution breccias bo ore deposits appears 
to lie in the circumstance that battering has been favorable to the 
development of both. Solution breccia of the type that occur at 
the Red Cloud and Lucky Dog mines are made up of dolomite 
fra<Ym nts in a matrix of sandstone or dolomitic sandstone and were 
formed before the mineralization, to judge from the local occur­
rence of pink par and les commonly sphalerite vugs in them, and 
from the development, on their very borders, of large elongated 
vugs which are clean and lined with pink spar but which hould 
have been filled with sediment had the breccia developed later. Al­
though the presence 'Of sand in the matrix of the breccias would 
suggest a poro ity that might have been faYorable to the circula­
tion of solutions and led to mineralization, it appears that the 
shattered condition of the surrounding I'Ock, in which solutions 
ould move in spaces gr ater than capillary opening , was much 

more favorable. Possibly certain of the olution breccias that 
occur in ore' deposits and that have been int rpreted as the product 
of the ore solutions may have been produced in part earli r than 
the ore, but with'Out the development of a matrix that would il1ter­
fere with the later deposition of mineral matter. 

None of the blanket-vein deposits of the district are very large. 
Many of them are imply the border edges of rw1s, the mineraliza­
titan having been accomplished by seepage from the main channels 
along the run . 

IZE OF ORE DEPO ITS 

The Arkan a d p i ar on the whole rather small, although 
in many of them the full extent ha not b en revealed by deYelop­
ment. The lar<Y t workin<Y ar locate l in the Ru h di trict. The 
topes in the Red loud mine are contained within an area that is 

about 800 f t long and 500 feet wid although only the richer 
runs have been toped. out of this area. The stopes average 10 feet 
in height. The run on which the Philadelphia mine has been 
op ned i more linear in shap ; the pening is 1 200 feet long and 
mo tly 10 to 30 feet wile, and the face of ore avera.ges 6 feet in 
thickne , although the tope is u ually somewhat higher. The main 
run on the lower le,rel of the ilver Hollow nvne is about 20 feet 
wide and 20 feet high and is reported to have been followed for 
about 00 feet. Other depo its of the Rush district approach these 
in size. Outside •of the Ru h district the stoped ground at the Sure 
Pop min , on the left side of \-Vater Creek, occn pies n ,·pace that is 
about 500 feet long, les than 100 feet wide, and about 6 feet high. 
The Lucky Dog tope is 250 feet long, 75 to 100 feet wide, and 
4 or 5 feet high. The stopes at the Gloria mine are contained within 
an area that is about 400 feet long and omewhat less than 400 
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feet wide; the thiclm ss of the mineraliz d be ~ is 8 or 9 feet . At 
the Big Hurricane mine, where the ore deposit i in a fault ruth r 
than in the form of a run, the stoped block of ground i about 300 
feet lonrr, 20 feet wide, and 70 feet deep. These example of me 
of the more producti Ye mines give a general idea of the size of the 
laro-er depo its. 

TYPE OF ORE DEPO ITS 

All the mineralization of the northern Arkansas fi eld is b lieved 
to have had a common origin. The character of the mineralizing 
solutions was evidently very uniform except for local variations 
in lead and ilica con te nt. Yaria t ion . in lead content wer not 
abrupt enough to produce di tinct type of ore depo it , but the 
siliceous deposits, in their typical development, form a di tinct class. 

More important factor in I roclucing lift' rent type of or de­
posits wer the tructural ondition at thr ite of d position. 
These were determined not only by the character of the stresses that 
produced the break but also by the phy.-ical and to some xtent 
the chemical character i tic of the rock affected. Thus a dense 
dolomite breaks differently from a medium- or coar e-grained one, 
and a rna ive dolomite break lifferently from a thin-bedded lime­
stone. A coarse-grained dolomite or a limestone i more affected 
by solution preceding and during ore depo ition than a dense 
dolomite. 

vVhether the ore i form ed by mechanical fillino- of openino- or 
by replacement of preexi tinrr rock is of no value in classifying the 
deposits, because the e two proces e have occurred together in 
nearly every deposit. However, one may be dominant over the other, 
dependent upon the physical and chemical characters of the rock. 
For purposes of cla sification these character are believed to fur­
nish more natural division . 

The following classification of the northern Arkansas ore de­
posits is based entirely on the structure of the deposit and the 
composition and texture of the country rock : 

Deposits in fault . 
Deposits in runs an d bl anket Yein 

Depo its in fine-grained dolomite . 
Deposits in mediu m- aucl coarse-grained dolomites. 
Depo its in E1·erton limestones. 
Deposits in St. J oe lime tone m mber. 
Deposits in Boone li me tone nnd chert. 
Deposits in the basal clay of the Batesville sandstone. 

The divisions of the above classification may be regarded as 
standard types around which the deposits in the northern Arkansas 
field tend to cluster. There are, however, many deposits whose 
'<;haracteTistics are intermediate between those of the standard types . 

...... 
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Also, numerous depo its may be comr ounds of the e types, a where 
fine-grained dolomite, medium-grained dolomite, and limestone are 
interbedded in the same deposit. Still , it is believed that de crip­
tions of these simple types will be adequate for an under tandina 
of the intermediate and compound deposit . In the description of 
each type certain trends in gradation to other types will be 
indicated. 

The pre ence of and in the dolomites and limestones has not 
materially affected the character of the deposit as determined by the 
con tituency and texture of the calcareous component of the rock. 
Dolomitic sandstones behave much like medium-grained dolomite 
as regards the structural characteristics of the deposits formed in 
them. Pure sandstones are not ordinarily mineralized except locally 
where seams of andstone are interbedded with dolomites and 
limestones. Where mineralized the sand tone is almost invariably 
silicified and contains the ore and gangue in modified crack and 
irregular replacement pocke , mu h a a medium-oTained dolomite 
does. It i not so su ceptible to mineralization, however probably 
as a result of its re. i tance to replac ment. 

DEPOSITS IN FAULTS 

Although the depo its in fault form a relatively small clas , they 
include such productive depo its a the Big Hurricane, Spier, Pan­
ther Cr ek, K eys Gap and Bre\\ r (lower working ) , and a few 
other depo its of minor importance. With the exception of the Roy, 
which occurs in th Powell dolomi e, all he mineralized fault are 
either in the Boone formation or el e have the Boone a one of the 
wall . It i a rather strikina fact that none of the numerous faults 
that cut across the Everton formation are mineralized even though 
runs immedia t ly adj acent to uch faults may be rich. 

None of the five productive depo it mentioned above were acces­
sible at the time of vi it. Frarrmcnts of ore pick d up on the lump 
show that in the Panther Creek and Key Gap der o its the ore 
o cur in the battered lime tone and primary chert adjacent to the 
fault with much the same relations a are found in the runs that 
ar developed in the Boone which are de cribed on paO'e 137·-138. 
The ore at the Big Hurricane and Spier mines is, at lea t. in part, 
disseminated in the matrix of the fault breccia. The br c ia frag­
ments are barren Boone chert; the matrix wa probably at one time 
a dolomitic jasperoid. Much of the ja peroid ha been leached out 
during the oxidation of th depo it, ·l aving a cher ty dolomitic clay. 

The fault deposits show gradations to runs by decrease in the 
structural displacement. The Ohio mine, for example, is developed 
on a break that drops one side about 5 feet. While the break might 
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be considered a fault, there i no definit fault plane, and the bed. 
though decidedly broken up, are dragged in uch a ·way a to form 
a monoclinal stru ture. Breal of small displa cement in th Boone 
formation are in g neral more harply confine l to definit plane and 
are les likely to produce hattering in the adjacent l ime tone. It 
is po ible al o that fault depo its may be compoun led with runs 
or blanket veins, though no w 11 -marked example are lmown. 

DEPOSITS IN RUNS AND BLANKET VEINS 

In compo ition and detailed structure a depo it that occur in a 
run 1 very similar to that in the adjacent blanke vein if the two 
are a ociated. Only th e inb' n ity of mineralization differ . 

DEPO J'f , I N FlNE-ORAI 'ED DOLO::\LITES 

The depo its in fin e-grained dolomit are the typical hatter 
breccias that have been the 1 a. t affe ted by ub qu nt proc sses. 
The dolomite tends to br aka · a homogeneou rock into rather small 
fragment . with little tendency to favor bedding plan over eros -
cuttino- plane (fig. ) . certain amount of random orientation of 
the fragm ent may be a ociated with th hatter ing. Althotwh the 
deposit appear to have been formed by imple mechanical fillino- of 
the opening , there ha b en orne r eplacement of th e rock borderino­
the crack . This replacement however ha taken p lac from the 
edge of the dolomite fragm en · rath r than interstitially so that 
it i limited in amount. Chert is de,eloped, along with the ore and 
oth r gangue mineral , in man} of the depo it. and has repla ed 
the edo-e of the country-rock fragm nts to some extent but it doe 
not attain the prominence that it hO\YS in many of th medium­
grained dolomite and especially in the limestones, where whole beds 
of the country rock may be replaced. Runs that occur in the fine­
grained dolomite are not so harply limited in horizon a run. in 
other rocks, nor are they o ex ten i ve. Some of them, however, are 
fairly rich. The Bonanza (on Cow Creek), lola 1aumee, Jackpot 
(at Maumee) Jackpot (at Zinc), Churchhill, Ni hwitz, Pearce, Beu­
lah , and several other are notable examples of thi type. 

The deposits in fine-grained dolomites are found chi fly in the 
Everton and Smithville formations. Most of the depo its in the 
Cotter also fall under this type, as well as the few low-o-racle deposits 
in the Powell that lie outside of the t Black Ledge and the ledge in 
northeastern Boone County that lies below it. 

In many places gradation between fine- and medium-grained dolo­
mites lead to depo. its who e characteri tics are intermediate between 
tho e described under the two types. The two types may al o be 
compounded in the same deposit. 
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DEPOSITS IN MEDIUM- AND COARSE-GRAINED DOLOMITES 

The presence of interstitial porosity in the rock has added a factor 
that is very favorable to mineralization and that al o has had con­
siderable effect on the character of the ore deposit. While some 
sort of shattering was e ential to allow acce s of the ore-bearing 
solution, the mineralization so far exceeded the confines of the actual 
hatter crack that these may be rather inconspicuous. The shatter­

ing is also probably on a coarser cale than in the finer-grained rocks. 
The feature that has been accentuated by the porosity is replacement 
of the country rock away from the narrow limits of the shatter 
cracks. This replacement has progr sed along the bedding planes, 
along cro cuttinCT cracks, and in irregular pocke . Pink- par veins 
from 1 to 3 inches thick, containing ore and other gangues, are very 
common a replacement features along and aero s the bedding. o­
lution pockets lined with the ore and gangue mineral , in which 
pink spar is always conspicuou may attain dimen ions of 3 or 4 
feet in cross section. Mo t of the larger pockets are developed in 
the form of channel that may be several tens of feet long and that 
tend to be elongate parallel to the bedding. The sphalerite is u ually 
in 1- to 2-inch mas es in the veins that consist dominantly of gangue 
minerals, but here and there it form solid lenses along the bedding, 
or irregular replacement mas es as much as 6 inche or more in diam­
eter, centered chiefly on bedding planes. A small amount may be 
dis eminated in the dolomite without gangue. 

Replacement by ja peroid chert is w ll developed in many of the 
medium- and coar e-O'rained dolomite . Its prominence varies in 
cliff rent d posit from those in which it is almo t entirely ab ent 
to those in which whole beds of dolomite ar partly or completely 
replaced. A not uncommon occurrence of the chert is in the form of 
replacement v ins from a fraction of an inch to 2 or 3 inche · thick, 
that cro scut the dolomite although th e cro cuttinO' vein are 
less numerous than beddinO' veins. Th chert may al o be rather 
finely interbanded with pink par along the bedding of the dolomite. 
It is not generally possible to distinguish between chert that has 
replaced dolomite and chert that has electively repla ed lime tone 
that was interbanded with or mottled by dolomite. To this extent 
the deposits und r discu sion grade into the depo it formed in lime­
stone, which are always cherty from repla em nt of the limestone. 
The mineralization of the ch rt by di seminated sulphide is the same 
in both kind of depo it nnd a le cription of this feature will be 
deferred to the discu sion of the deposits in limestone (pp. 134-136), 
of which the di seminated sulphide are more typical. 

The deposits of the t Black Ledge are a special variety of those 
formed in medium-grained dolomite. The ledg i massive; hence 
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there i no tend ncy fo r min ra lization along th bt'<l tling. In. t'ad 
the n ineral occurs in i olated pock ·ts that ar not very definitely 
c nnected into run . Silica i u ually precipitate l as fmely cry:tal­
lin quartz lining th ca' ity wall , but lo ally it may appear as 
replacemen t hert urrounclino-. om of th ore pock t . Th amount 
of uch chert i al way · in i"nificant. There i. on th whole much 
le . pink spar than in depo i in th Everton. Owino· to the laro-e 
amount of rock bcb •een the :· pocket · the deposit arc cr"nerally of 
lmY oTade, although they may in places be u ce fully worked on 
a mall scale. The mineralization of the ledge that lies 30 feet 
aboYe the ba e of the Powell in northeastern Boone ounty, is 
nry similar in all it a ~pect>, to th~1 t in the P~lack Ledge. 

Mot of the d po it · in medium-grained dolomite are in the Ever­
ton, a fe,,. are in the Smitlwille, a considerabl number are in the 
two ledge. of the Powell, and a very few are in the otter. 

Gradations from thi type of depo it to the types formed in fine­
grainecl dolomites and in Lime ton have already been mentioned. 

D~:POSIT I . EVERTON LIMESTONES 

The lim tone of the Everton carry ore only ,-vhere they have 
been silicified or, more rarely where they have been altered to gray­
par dolomi te. Only a ingle example was noted in the entire 
tistrict of the development of sulphide in contact with unaltered 
Everton lime on~?. Thi -was nt th apps mine wh re a scam o-f 
sphalerite, a quarter of an inch th · ck was ob~er\ed to extend for 
about 6 feet alono· a bedding plane in lime tone. rink- par dolomite 
may be sparingly rleveloped without ore. in bedding veins, or cross­
cutting vein , or e\ en in replacement pockets in the limestone, but 
such occurre1 ct': are not conspicuous in the region a a, whole. 

When it is con. idered that the occurrence of chert or quartz is 
far from uni\' er al in l po its in other type of country rock the 
fact that none of the Everton limestones are mineralized without 
accompanyino· ili cification cems rather surpri ing at first . The 
explanatior i. perhaps to be found in the extreme usceptibility of 
thi . fine-grained limestone to replacement by silica. Innumerable 
example have been observed of the selective replacement of limestone 
where dolomite and lime tone are closely as ociated in ore deposits. 
H ad only th dolomite be n pre ent, it is probable that very little 
evidence would have been preserved to show that the mineralizing 
solutions contained silica, for precipitation of cry talline quartz 
along channels of circulation is relatively inconspicuous even in ex­
tensively silicified beds. The inference to be drawn from the almost 
invariable association of chert with the sulphides (sphalerite and 
galena) where limestone is the country rock is that all the ore solu-
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tion · carr i •d sil i a, at least in thei r early t age , wh ther it was 
p r ci p itated or not. Althougl mo t; of the ilica wa precipitated 
earJ y . cnouO'h wa. pr ·ent in the solution t hrouO'hout the period 
of <.leposition of sphalerite to ilicify any fr h lime tone that may 
have be n in vadcd ; uch sili cification wa not ne essarily complete. 
Th o ·currence of pink- par Yeins in unaltered limestone on the 
borders of ore deposits is rare and pre uma.bly rc ults from the 
opening of new channel into t he lime tone at a r elatively late tage 
in the mi r,~ eraliza.tion , after the deposition of the silica and sphalerite. 

T he silicifi cation of the limestone 'va generally accomplished 
\\'ithout marked hanae in the Yolume of the rock , but in place it 
wa.<; accompanied by lumpinO' that crumpled the bands of clay 
(beidellite) lying along the bedding of the original lime tone. It is 
po ible that in certain d po it where the ore bed appears a a soft 
sand with inter titial O'l'e nih clay, the lime may have been entirely 
remo,·ed by the ore olutions, leaving only the residual sand and 
clay. 

After the limestone had been replaced by chert, th e depo its pro­
due din it were very similar in chara ter to tho e in medium-grained 
dolomites. Pink par and sphalerite, with the acce · ory gang ue min­
t•rals, formed r placement veins alon O' and aero h beddin (J' and ir­
J' f? O'\l lar replacement ma . es chiefly centere l along bedding planes. A 
oT ater proportion of the ore was probably depo ited along the b d­
ding plan s. Th inten ity o£ the min ralization and the size o£ 
th minera.l tru tures were comparable to tho e produced in me limn­
grained clolomi 

P erhap the mo t trikinO' characteri tic of th jasperoid cherts, 
wheth er th y replace lime t ne dolomite or and tone (rarely) , is 
th e d velopment in th em o£ di seminated phalerite an l to a minor 
extc, nt gal nn. 'fh>. c. ulphidc occur a cattered O'l'a ~ n , 'vi th ry.­
tallin boundari :;, embedded directly in the chert, without~ ociated 
ganrrue. The O'rains range from pinhead ize or maller up to 1 inch 
in diameter , tbough th averaO' of the phalerite grain lie perhap 
b tw en on -eiCYhth an d one-half inch and that of the galena grain is 
.·om what larger. In a given depo it the size is likely to be rather 
uniform th variation cominO' in different depo its. The eli tribu­
tion of th rrrain may b very parse, or v ry dense, and they 
tend to be concentrat d alonO' or adjacent to beddinO' plane . In 
extreme a the O'rain of phalerite may be o clo e together a to 
coalesce into irregular r eplac ment ma alonO' th bedding. Ordi­
narily th di . emina.t d or i n t of commercial g rade, owinO' to 
th e clifficulti of mill r covery. 

Be,·icle th charact ri ti oc urr nee in chert: ome di eminated 
. phalerite app ar · in th m dium- and coar r-O'rainecl dolomite ·, and 
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le ser amounts in the fin e-grained dolornite , in andstones, and in 
gray spar. 

The i.mple chert depo it how a gr ater tendency toward blanket 
veins than the depo its in the. dolomites, and the structural features 
that have localized the mineralization are in place rather ob cure. 
A typical and fairly r ich deposit i the Gloria mine, at Zinc. Here 
the worked-out stope wind about irregularly, without any evidence 
of fracturing along th ir roof . 

Gray-spar replac ment bodi occur as lenticular ma · e · in the 
limestone and sandy limestone. They lie typically on th borders of 
a mineral ize l body with which th y actually or presumably con­
ne t. They rep r nt on of the f w recognized ca in which elu­
tions connected with th mineralization have acted on lime tone 
that e caped earlier dolomitization or ilicification. The replacement 
advanced more or le a a wave upon homoaeneou rock rather than 
throurrh a network of fra cture , so that inclu ion of the repla d 
rock in the gray par are rar . The apparent replacem nt of and­
stone by gray par is probably a replac ment of the limy material 
between th e . and !!l·ain , ''ith concentration of th and inter ti ­
tially. Lat ral rrraclation of such gray spar lense ·into fairly pure 
sandstone are deceptive, owing to the great variability in the original 
lime content within the sand tones. 

Mineralization in the gray spar has produced chiefly pink- par 
veins and vurrs, few of which carry ore and these only in very mall 
quantity. The v in lie alonrr and aero s the bedding and a.r 
usually wider than those de>eloped in dolomite or in chert. Their 
low grade i probably du to the fact that they repre ent some of the 
la t pink par .to cry. tallize. A little phalerite is di eminated in 
gray spar, but the amount is rather meager. 

DEPOS11'S I N ST. JOEl LIMESTONEJ MEJ.fBER 

Four depo its in Marion and Boone Counties-the Coker H ollo·w, 
Ben Harri on, Pigeon Roost, and Big Elephank-are at the horizon 
of the St. Joe limestone. They are similar in showing the ore min­
erals embedded, by replacement, directly in the silicified limestone, 
usually without associated pink spar , although at the Pigeon Roo t a 
little pinl\ par is disseminated in the chert along with the ore min­
eral . The occurrence of calcite at the Ben Harrison was not ob erved 
in place. Brecciation by olution slumpage is more or le. · in evidence 
in the different deposits, and at the Coker Hollow mine which has 
been the mo t productive of the four, it is the dominant tructural 
feature. Indeed, if the others did not exist, the Coker Hollow de­
po it, because its expo ·ed form is roughly pipe-shaped, could not b 
classed as a run but would have to be described as a breccia depo it 
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produced by lumpage into an underlying cave. However, its close 
similarity to the other three deposits, which are in the form of run , 
suggests that it is simply that part of a run on wruch solution was 
intensified to produce the lumpage breccia. Part of tllis breccia has 
apparently been let down from overlying beds of Boone chert. 

The brecciation in the different depo its is not especially evident, 
as the lime tone appears to have acted more or less pla tically during 
the proces . At the Coker Hollow mine, although the preexisting 
Boone chert ha been conspicuou ly brecciated , the si licified lime­
stone matrix in which it i mbedded ha the appearance of massive­
ness. In the other depo its the blocks that have been produced by 
the slumpage are usually large and o o-racle into one another that 
their boundaries are indeterminate. There are no angular edges and 
very few opening between blocks. Much of the obscureness of the 
brecciation is undoubtedly due to the ilicification. 

The solution effects are believed to have been contemporaneou with 
ore depo ition, but this interpretation is not e ential. In the ab ence 
of material that would form a relatively imperviou matrix for the 
breccia, the solution lumpage might have preceded the introduction 
of the ore solutions. 

DEJPO. ITS IN BOO ' E LIME: TO:\El AND EIIT 

Important la e of or that arc c1 nloped in t l: Boone are 
d cribed above a fault depo its and deposit in the t . Joe lime­
stone m mb r. The type to be treatc 1 her include the r est of th 
Boone depo its, lying in the form of runs and blanket veins. All the 
commercially important occurrence are in Newton County. 

A contrasted to tho e in the E erton, the breaks that define the 
run in the Boone formation are more likely to be definite fractures 
that may or may not how mall displacements. The ores commonly 
fill shatter cracks or replace the lime tone a]ono- and adjacent to the 
fractures, favorino- especially the horizons of bedding planes. A 
typical form of the replacem nt i a di emination of sulphides, 
without o-anau , in the m, of the limestone. The disseminated 
material may be fairly coarse grained, especially if it is aalena, but 
much of the sphalerite i ex.-tremely fin e grained. Pink spar i pres­
ent in the laro- r pocket and .-eins of ore, and here and there it is 
dis eminated in the lime ton e, but it is not o abundant as in the 
depo its in th Ordovician formation and may be completely ab ent. 
Gray par bas locally replaced the lime tone and ommonly canies 
<.li. eminated phalerite. J asperoid ha replac d a little of the lime­
stone in certain deposits, although it no,-vhere attain. the prominence 
that it hows in the Everton limeston es. It n uall~r carrie dis m­
inated ·phalerite. Certain cherty ma ·e. at the Confederate and 
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Panther Creek mines are so h a\'ily impr gnat c1 \Y ith fin 'ly eli. em­
inated sphalerite as to con titute omn er ial ore without th neee~ ity 
of eparating th phalerite from the ·hert, eH'l1 if it onld b clone. 
. Boone chert that a compani the lim tone aenerally cnl'l'i the 
ore in simple shatter crack . Owing to its greater p ro ity in ections 
that are only sli<Yhtly broken up, it tend. to carry the cattered ore 
in the low-grade blanket v ins. 

DEPOSITS I N THE BA AL Lt\Y OF TU E IUTES\'lLJ,£ S <\ ' D TONE 

Four mine in the Ponca di trict carry gal na in the B ate ville 
sandstone, chiefly in the ba al clay. The e are the Brewer no. 1, 
Beechwood, Kilgore, and Ponca City. The fir t three w re b ing 
worked in the fall of 19""9, and the first two were acces. ible. The 
galena occur. as larae cry talline nugg ts, weiD"hing several pounds, 
embedded in the sanely clay adjacent to th line of mineralized 
fracture in the underlying limestone of the Boone formation. The 
clay bed i 1 foot or less thick, and the ore is developed O\' r a width 
of several feet, the maximum observed width being about 20 feet at 
the Beechwood although a width of 3- fe t (between two fractures) 
i reported at the Kilgore. In addition to th run and blanket.vein 
in the basal clay, a mall amount of or appear in cra ck in th e 
fine-grained sandstone for 3 or 4 feet above the base of the Batesvill e. 
The only O'angue mineral i calcit , v;•hich occur 1 aringly in era k 
·hiefly in the . and ton above the basal clay. 

ORIGI OF THE ORE 

Two strongly contnstina hypothes s have b en advanced in the 
literature to explain the origin of the zinc-lead depo its of the Mis­
·issippi Valley. One postulates deposition by meteoric waters that 
leached di seminated mineral matter from one or another of the 
sedimentary formations and redepo ited it in concentrated form, 
either after descending directly through overlying formation or 
after traveling for long di tances un ler arte ian pressure; the other, 
favored by the writer, postulates deposition by magmatic waters, 
which necessarily had traveled far from their deep-seated igneous 
source, as no igneous rocks that are closely related to the ore depo. its 
are known in the region. Concentration by directly de cending 
waters, as pointed out by Lindgren,80 would require the waters to 
have passed through an impervious shale cover to reach the sites of 
deposition in many of the Mississippi Valley districts and would 
furthermore limit the column of rock that could be effectively 

"'Lindgren, Wa ldemar, Mineral deposits, 4th ed. , p. 440. 103:-!. 



ORE DEPOSITS 139 

leached of its disseminated material to a :few hundred :feet at mo t, 
which seems inadequate to produ e the rich deposit of certain of the 
districts. The hypothe is based on artesian irculation mo t thor­
oughly developed by Siebenthal,81 ha much to commend it but it i 
believed to be less applicable to th deposits of northern Arkansas 
than the theory of magmatic origin. Preference :for the latter 
interpretation is ba eel on four independent lines of evidence-(1) 
the incompatibility of certain phy iographic relations with the hy­
pothe i. based on arte ian circulation· (2) the significance of an order 
of cry tallization of the ore and gangue minerals ; ( 3) the pre ence, 
though recognized in only one deposit each, of enargite and wulfen­
ite, the first of which has generall been regarded as indicative of 
magmatic solutions and the econd of which, although an oxidation 
product, contains the element molybdenum whose occurrence other 

--------------------------------------------------=d 
FIGURE 9 .- Diagrnm showing n lnte tnge iu o,ark art sian ci rcu lation. .A.-E. tnges ln 

eros ion of Pennsy lva nian ba le. a, l'cnn yl\•nnian shale ; b, Mi :issippian limes to n ~ ; c, 
Ordovician and Cambrian rocks; cl, pre-Cambl'ian rocks. (After C. E. Sieben thai.) 

than in o- n tic onn tion ,,.jth i()'n 011 ro k are rar • and not n­
tirPl:V nncli. putcd : (4) th0 . imilarity of the ores in compo iti n to 

th r r c1 po it. who. e <Yell tic com1e tion with intru ive i()'neou 
rock· i. gpnprally r cognized. 

1. i benth al. writing on the 'l'.ri- tate or sin particular, con eive 
them to have been di. olved from th o-ently dipping ambrian 
and Ordovician sediment by \Yater. that entered the outcrop of 
these strata high on the Ozark dom and to have been depo ited in 
and n ar the top of the Mi i ippian lime tone on the border of the 
rlome by the rise of arte ian '"'a,ter to th zone of scape at the inn r 
edge of the P ennsylvanian hal outer p . The cau e of pl·ecipitation 
wa b lieved to ha,Te been th Jo at the zone of arte ian e cape 
of tl e arbon dio ·ide which held the metals and o-angue minerals 
in solution as bicarbonates in the presence of hydrogen sulphide. 
Figur 9, modified after i benthal, show the drainao-e conditions 
at a late tage in the ero ion of the Pennsylvanian shale from the 
flanks of the Ozark dome. Artesian water , beginning at points A, 

n Siebentbal, C. E., Origin of the zinc nnd lend deposits of tbe J oplin region: 
U.S. Geol. urvey Bull. 606, 1915. 

~!) ::7 1-35--1 0 
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B, and C, on the outcrop · of trata b low the Penn ylvanian shale, 
follows the cour es of the dotted lines, ri ing to the surface at D, 
where, upon escape of carbon dioxide, the mineral matter in solution 
is precipitated. Especial stre s is laid on the fa ct that the ores lie 
comparatively near the surface and near the inner edge of the O\ er­
lapping Pennsylvanian shale. 

The application of this mechani m on the . outh flank of the Ozark 
dome meets with many difficultie . The ore depo ·it of the Pon a 
di trict lie at a mu ch higher altitu de than thos of the J or lin region, 
so that the hyd rostatic head nece sary to produ ·e an arte ian ir­
culation does not exist. The ore at th Bennett min lie at an alti­
tude of 1,550 feet, and that at the Chimney Rock mine at 1.650 fe t. 32 

AccordinO' to i benthal,33 the contact b tw en the Mi i ippian 
and the Ordovician an l Ca mbrian t rata on th top of the Ozark 
dome lies at an altitude of 1,600 feet. His a umption, in explaining 
the ores of the J oplin region ,,..a that the catchment area for the 
artesian ci rculation '-ras on the outcrop of the Ordovician and 
Cambrian beds. 1anifestly waters b ginning at 1,600 feet and lo'v r 
cannot ri e to the same level in th Ponca di trict. in rkansas, 
0 miles away under the force of arte ian pres ur . 
A modification of iebentha.l's hypothe is would at fir t thought, 

seem to r emove thi. obvious difficulty to its application in Arkan. a : 
if the catchment ,. rea for the ar tesian cir ulation were the ori ginal 
outcrop of the Mi i ippian lime tone on top of the Ozark dome 
instead of the outcrops of underlying formation , then , on the as-
umption of a maximum thicknes of 400 feet f or the Mi sissippian H 

the altitude of the intake area could originally have been as much as 
2,000 feet, producing a maximum effective artesian head of 350 to 
450 f eet. There is, however, geomorphic evidence aO'ainst this modi­
fication. The Buffalo River, flowing to the east, is the master stream 
of the Ponca district (see pl. 5), and there are no streams anywhere 
south of it that could have cut through the shale overlying the 
Boone formation earlier than it did. An artesiS;n circulation that 
could concentrate the ores according to Siebenthal's hypothesis could 
not be set up until the shale had been cut by the Buffalo. Since that 
time the river has cut to a depth of 550 feet below the shale at 
the Bennett mine and 650 feet at the Chimney Rock mine. The 
valley of the Buffalo near Ponca is perhaps the most canyonlike of 
all of the stream vall eys in the Bo ton Mountains. The river is 

:n Purdue, A. H., and Miser, H. D., U. S. Geol. Survey G ol. Atlas, Eureka l:pr!ngs· 
Harr i. on fol io (no. 202), areal-geo logy map, 1916 . 

., !ebentha l, C. E. , op. cit., pl. 4. 
"' Moo re, R. C. , Early _f!ssiss ippia n form at ions in :\l i~so u ri: ~li sso uri Bur. Geo logy 

nn tl :\f!n~ , 2d ser ., vol. 21, pp. 107 , 142, 192 . 
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harply inci ed to depths of 1,300 feet below summit levels of the 
mountains le s than a mile away. As there is no evidence to uggest 
any pause in the down-cutting of the tt·eam, a relatively hort time, 
in geologic terms, mu t have elapsed ince the po sible inception 
of an arte ian circulation that could have depo ited the ores at Ponca 
according to the rnechani m presented by iebenthal. Contrast the 
geomorphic setting at P onca with that on top of the Ozark dome. 
Except for certain cry talline knobs in the St. Francis 1ountai n , 
the highe t part of the Ozark uplift today i a tructural plain 
de,7eloped on the resistant Boone formation and lying at an altitude 
of about 1,700 feet in W eb ter and WriO'ht Counties, 1o. P ossibly 
that part of the Ozarks that ha been ubjected to the oTeate t uplift 
may lie a hort distance east of the Burlington escarpment in western 
W riO'ht County; but when it is con ider d that the pre ervation of 
th tructural plain on top of the dom i due to its po ition at the 
head,>aters of the various Ozark drainage ystems, it becomes evident 
that the amount of rece ion in the Burlington e carpment could not 
have be n great during the time interval repre ented in the cutting 
of the lo"er O'Orge of the Buffalo River at P onca, Ark., nor could 
the general m·face of the plain have been lowered any ignificant 
amount by ero ion in the arne period. When the hale \\a fir t 
cut through at P onca, the surface on tor of the Ozark dome " ·as much 
the ame a today, and the a umption that the entire thickne of 
th Mi. i ippian was pre ent to afford additional artesian head is 
untenable. 

The conclu ion to be drawn from tb geomorphi evid nee i that 
1,700 feet i the maximum altitude of lim tone outcrop that could 
have erv d as a atchment area for ar tesian irculation throuO'h the 
Ponca di trict. on ideri1w th imp rfections of the hypothetica l 
arte ian y tem thi altitude eem too lo"- to produce the effect 
required in the application of iebenthal's th ory to the ore depo, it 
at Ponca .. 

The po ition of the White Ri ver aero. the ourse of suppo ed 
artesian drainaO'e down the outh flank of the Oza rk dome i an 
added complication to the arte ian theory. The river lies outh of 
the catchment ar a for the arte ian water and north of the area that 
contains mo t of the Arkan ·as ore depo it . ( ee p l. 5.) As it i 
the ma ter tream of northern Arkan a and outhern Mis ouri it 
main channel wa pr ·umably cut down ahead of tributary channel 
(Buffalo River and rook d reek draina•Y ) on the south. The bed 
of the \ iVhite River in Mis ouri north of the P onca di trict i toda y 
from 100 to 400 feet lower than that of the Buffalo River at Ponca. 
Ina much as th e Bnffalo at Ponca is mu h nearer than th White 
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l{iver in Mi ouri to the heau of drainage, wh re change in gradi •nt 
i rapid, it i reasonable to a ume that, owing to rece ion of thl' 
gradient up tream, the Buffalo ha cut th lower part of its o·orcre at 
a fa ter rate than the "'White Ri' er in Mi ouri. Hence wh n the 
h.al wa fir t cut through at Ponca the channel of th \ hit Riv r 

wa at a con iderably lower altitude, and regardle · of the hydro­
'tatic head that might exist on the Ozark dome only very xceptional 
C'o ndition · could cau e an arte ian circulation beneath the ~~ hite 
H.iYcr and up to the base of th shale on i ts outh ·id . 

To explain the high altitude of the or depo its at Pon a by po tu­
lating a very recent differential uplift of he di. trict r lativ to tl e 
Ozark d me would r quire th as umpti n of cnt tal moYement for 
which there i no oth r evi lence. a matter of fact , th di ·trict 
lies along a tru turally hi gh zon whi ·h iebentha l ·on. i ler d to 
date from prem.ineral time and to have been effective in directino- the 
artesian circula tion alona c rtain channels into the J oplin region . 56 

Accordino- to iebenthal's hypothe i , the ore are depo ited from 
the artesian olutions by the escape of carbon dioxide wh n the waters 
rise to the surface at the end of the arte ian circuit. A. circulation 
was supposedly set up a oon as the hale over to the Boone was 
removed at any given locality, the ore should lien ar the top of the 
Boon . Such i the ca e in the J p lin re ion a · pointed out by 
Siebenthal, but in Arlm n. a mo ·t of th d posits lie .in the EYcrton 
everal hundred feet below the top o£ the Boone. n1e s the escape 

of carbon dioxide can take place everal hundred feet below the 
surface, the mechani m presented by Siebenthal for the precipitation 
of the ores does not appear to be applicable in rkansas. 

2. The existence of a fairly definite ord r of crystallization in­
<1icat · an ord erly change at the FOi nt of depo.-ition ith~r in th 
temperature (an<l to a ligh extent. perhap , in the pr .->;u re) or 
in the compo ·ition of the ore olution. u crea ing t rnperature 
at the point of depo ition brings different constituent to the atura­
tion point at different times and may al o lead to .i.J1 tability of er­
tain minerals below certain temperatures so that they cease to be 
deposited. A changino- compo ition prouuce ma -action effects in 
the olu tion that, in conjunction with a temperature gradient along 
the cour e followed by the olution, may easi ly produ a definite 
onkr of cry tallizat.ion. 

Insofar a a change in temperature at the point of depo ·ition i 
applicable to tb pre cnt ca e, it would favor an interpretation of 
llla_!fmatic origin rather than !L met ori r origin . If a given point i 
within the range of depo ition from a cooling mamma, it houh1 

» i':i eucnthnl. ' . K. op. cit .. pp. 3 ' 1. l!l !•. 
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probably also be within the range of thermal effects f ron1. the magma 
and should be subject to a gradual cooling along with the magmati c 
waters that reach it. On the other hand, under conditions of ar­
tesian circulation, a given point in the zone of mineral deposition 
.should remain at a con tant or nearly constant temperature through­
out the period of ore depo ition. w ·ith the circulation as postulated 
in Siebentha.l's hypothesis the point of leposition should always be 
near the urface and therefore at a uniformly cool temperature. 
With a different type of upposed artesian circulation, whereby the 
solutions penetrate to great depths along tilted bedding planes and 
then rise along cross fractures, precipitation might be induced any­
where along the a cent by lo s of t E>mperature gaine l in depth. A 
given point of deposition , if it lies fai rly deep during the early tages 
-of the artesian circulation, might conceivably decrease in tempera­
ture a· a r esult of ero ion of overlying sediments, which would bring 
it gradually nearer the surface. None of the Arkansas depo ·its that 
are exposed today, however, could have lain more than a few hun­
dr d feet below the surf ace when arte ian circulation was s t up. 
This tatement is based on the a umption that artesian circulation, 
at least of the type that ould leach important quantities o-f mineral 
matter from a dis eminated state in th e lime tones and dolomite 
could not have begun until ero ion had r moved the hales from the 
top of the Ozark dome. The highest altitude from which the solu ­
tions could start, as above pointed out, i b low 2,000 fe t . H ence 
the drainage level in the mineral belt of northern rkan.sa would 
have had to li at a lower altitude than 2,000 f et for artesian wat r 
to escape at the surface. The l.Dw t deposit of the di trict, lyi ng 
around 4 0 feet in altitud ) would have been, at the mo t 1 600 feet 
below the bottom of drainaO'e line when the suppo ed arte ian cir­
culation began, under the assumption of ideal condition , and prob­
ably much nearer to the surface in view of the imperfections of the 
po. tulated a1tesian y tem. The r moval of the few hundre l feet 
of sediments that might ha' e been erod d fr m above a. point of 
deposition during the period of mineralization is not believed to be 
ad quate to produce an appr ciable lowering in th temperature of 
the deposit during that period . 

In ofar a a challO' in compo i.tion of the solution with time at 
th point of d po ition is applicable to th pre ent ca e, it would 
indicate more mphatically an origin by maO'matic waters. Though 
other interpretations are po sible, it is believed that an orderly 
change in compo ition of the solutions that reach a certa in point 
can mo t logically be brought about by a change in temperature at 
the ou rce or at some point toward the ource from the point of depo-
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sition. Constituents that are precipitated near the source and are 
absent from the solution in its later travels during the early stages 
of mineralization become unstable at lower temperatures and under 
different chemical environments (which in turn are due directly or 
ultimately to change in temperature) and pass again into solution. 
H ence constituent that are absent from the ore solution at the point 
of deposition in the early stage of mineralization rna be pre ent at 
the same point during a later stage. While the chano-es in compo­
sition may be very complex, they should be orderly. In description 
of ore deposits attention has frequently been called to the fact that 
a definite order of crystallizat-ion i ommon in depo its that 
are genetically related to cooling igncou intru ive and that thi 
ord-er is roughly the arne in different deposit . Furthermore, many 
mining camps show a min raloo-i zonin o- in pace around intru ive 
that is roughly the arne, from th intrusi ·es outward, a th e order 
of crystallization. It eems significant that the " remote ' deposits 
in such camps show a mineral compo ition and a paragenetic order 
of crystallization similar to the depo it of northern Arkansas. 

Artesian solutions, inasmuch a they tra' el mu h the sam-e course 
throughout the period of deposition, hou ld, i t . eems, r emain con­
stant in composition during that period. Of course accidental addi­
tions from extraneous sources will occur, but the e will tend to 
destroy rather than promote any tendency t oward any order of 
cry tallization and need not be con. idered. It is conceivable that an 
orderly change in the character of the olution mi o-ht be produced 
through impoveri hment of certain constituent from the source 
rock, but it i impo ible to see ho.y tllis could affect th e time rela­
tions between such rillneral. a pink spar (dolomite) and calcite. 

I n the eli cussion ·of paragene i it wa pointed out that certain 
deposits show departure · f rom the normal order. Where such 
departure occur they are usually very definite for the deposit-for 
example, the occurrence of chalcopyrite between phalerite and pink 
spar, instead of after both of them, at the Marg~erite mine. Such 
rever als do not invalidate the deductions drawn from the working 
out of a paragenetic sequence : the presence of such a sequence is 
just as definite in these deposits as in the more normal ones. The 
reversals are probably clue to a difference in the composition of the 
original solution as compared to other solutions that produced the 
normal paragenetic sequence. Such variation are to be expected 
of mag mati . elution . 

3. T ;l (> oc<:u r rence · of enargite at the Governor Eagle mine and 
of wulfenite at the Shiras mine add two other elements-namely, 
arsenic and molybdenum-to the list of elements who e presence 
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ha to be explained in theorizino- on the origin of ores of the Mi sis­
sippi Valley type. It is possible that these minerals may be pres­
ent in similar small quantities in other deposits but have been over­
looked. Fowler and Lyden 80 report 0.009 percent of arsenic in an 
average sample of zinc concentrate from the Picher-Miami di trict, 
Oklahoma, but the form in which the arsenic occurs is not known. soa 

Ar enic has heretofore been considered an element that is char­
acteristic of depo its of magmatic origin. Lindgren 37 includes it 
among the elemen that occur in the various type of ore depo it 
genetically related to igneou rocks, but states (p. 471) that both 
ar enic and molybdenum are conspicuously absent from those lead­
zinc ores who.·e origin i independent of igneous activity. E. T. 
Allen,88 in a tudy of a large number of pring in the Yellow tone 
National Park, observed that the smaller superficial springs, whose 
mineral constituent are deriv d by leaching from the adjacent igne­
ous rocks contain no arsenic, whereas the laro-er prings of the deeper 
circulation contain arsenic along with oth r magmatic elements ~ such 
a ulphur, carbon, boron , fluorin e, and chlorine. Although he be­
lieves that practically all the water of th e e alkaline springs i of 
meteoric origin, he can account for the arsenic and a ociated ele­
ments in no other way than that they represent mao-matic emana­
tions appearing at th urface for the fir t time. H e points out 
that all the e elemen are relatively volatile. Th o currence of 
ar enic at the Governor EaO']c mine might be an exception to the 
<Yen eralrule O'Overning o utT nee of thi . element but it eem more 
loo-i al to con ider thi. occurrence one of everal link that tie the 
northern Arkan a ore to ma()'matic ource . 

Wulfenit i a common oxidation product in dcpo it of th ordil-
leran r ()'ion that ontain both O'alena and molybdenite (Mo 2 ). 

Molybdenit i the only common primary mineral of molybdenum 
and is po ibly the original ource of t.hi element at the Shiras mine, 
althou<Yh it w·a· not r cognized in poli hed ections of the galena. 
The pr ponderant < ociation of molybdenum with iO'neous rocks, 
especially with acidic igneous rocks, ha been pointed out by Ball 39

, 

but there a.re a few occulT nc s to which ther than a direct igneous 
origin has be n ascribed. mall amounts of molybdenu m are as-

,. Fowler , G. M., nnd Lyden, J. P ., The ore deposits of the Tri-State di s trict: Am. Inst. 
Mi n. Met. Eng. Trans., vol. 102, p. 234 , 1932. 

110• lnce this wn · wri tten enargi te has been found to be rather oommon in t he 
Piche r-Miami distri ct. . 

r. Lindgren , Wnldemnt·, Mineral deposits, 3d ed., pp. 518, 599, 718, 787, 841, etc., 1928. 
18 Ornl commuoicntloo. 
•• l3all, S. H., M<l l.rbdenite and Its occurrences : Eng. nud Min. J our .. vol. 101 . pp. 

883- 33 , 1917. See nlso Res;, F. L .. Mol~bd eoum deposits: U.S. Geol. Survey Bull. 
761 , 1924. 
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sociated 'vith the ores of vanadium and uranium in Jura ·si sand­
stone in outhwestern Colorado, probably as a minor constituent of 
the mineral carnotite (2 02.V205.K~O.xH20). Ilsemannite, a olu­
ble sulphate of molybdenum, occur · in a bed of E ocene aiHlston in 
northea tern tah, miles from any known occurr n e of igneou. 
rock.40 lthough tho e who have . tudied the e cliff rent depo its 41 

differ as to the letails of concentration of the mineral rna t r, all are 
aO'l' ed that the metallic constitu nts were clrrived from the weather­
ina of an earlier granitic land mass and hence are not of magmatic 
origin in the re tt·icted en e u ed in the pre ent report. The famous 
cuprife r u hale deposit of Man feld, in central Germany, contains a 
small quantity of molybdenum, detectable in chemical analy es,42 but 
opinions on the origin of this depo it are controver ial, ome main­
tainin()' a edimentary origin and other a magmatic origin. The 
example given are repre entabve of the occurrence of molybdenum 
in depo it - that may have been formed by m teori water . They in­
dicate that the amount of molybdenum con entrated by uch waters 
is meager in compari on to that con entrated by 'va.ter of maO'matic 
ongm. onsidered alone the pre ence of wulf nite in northern 
Arkansas can be gi en no pecia.l ignifi cance, but taken in conj u nc­
tion with other evidence here pre en ted it is b lieve l to lend orne 
upport to the theory of magmatic oriO'in of the ores. 
No significance i attached at present o the ccurren · of adularia 

in th ja peroi 1, as this mineral has b en .found in the seaiment ' 
where it is apparently unrelated to o ·e-forming proce scs. 

4. Finally the re emblance of the or as r gard· mineral com-
position , to zinc-lead ores that are definitely related to i()'n ous rocks 
is close enough o that few·er facts seem to be vi olat d in making this 
correlation than in a uming a " ry sp cial and unique mode f ori­
gin for them, such as he artesian theory postulates. The following 
table compare the primary mineral of the ~\.rkansn;s deposits with 
those characteristic of zinc-lead deposits within the epithermal and 
mesothormal zone as aiven by Lin lgren.43 

' 0 Hess, F. L., llscmanni te at Oumy, Utah: · ... Geol. Sut·•·<·y Dull. 750, pp. 1- 10, 1925. 
u Frlllcbrnncl, W. F., and Hnnsome, F. L .. On carnotite anu associated va nadiferous 

minerals in western Colomdo: Am . .Tour. 'c i. , 4th ser., vol. 10, pp. 12 144, 1900. Fleck, 
Ilerma n, and Haldane, W. G. , A study of the uranium a nd vanadium belts of . ou tbern 
Colorado : Colorado Bur. Mines Rept. for 1005- 6. pp . 47- 115, 1907. He. s . F. L., Note on 
the vanadium d posits nea r Pla Let·villc. Colo.: U.S . (; ol. Sun' CY Bull. 530, pp. 142- 156, 
19.13. Moore, R. B., and Kit hil, K. L ., A prel im inary report ou urani um, radium, nnd 
vanadium: U.S. Bur. Mines Bull. 70, 1013. Res~ . F. L ., A hyJ,olhesis for the origin of 
the carnotites of olorado and Utah: Econ. Geology, vol. 9, pp. 675-6 8, 1914. Collin, 
R. C., Rauiu·n , ura nium. nnd \':ln. uium dcpoei:s of soutbw~>. Lern 'olo rado : Colorado 
Geol. Survf'y J3ull. 10, 1921. Hess, F. L ., I lsemannlte at Ouray, Utah: U.S. Ocol. 'urvey 
Bull. 750, pp. 1- 16, 1025. 

42 Stelzner, A. W., a nd .Bergea t , A., Die Erzluger ti\tten, 1•ol. 1, p. 395, 1904. 
"Lindgren, Waldemar, Mineral deposits, 4th ed., pp. 445-446, 508, 530, 5 2-583, 1933. 
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Co·mparison ot rntinerals i n ore deposits ot ?to1·the1·n Ar kansas wUh those of 
zinc-l ead deposits of the epithermal and mesot.hernwl zones in gmte1·az 

Mineral 

Typical occurrences II 
u. th Epi· M eso- , 
~kan~~ thermal ti1errnal 

zone zone 

Typical occurrences 

M incrnl 
I Northern tb!fx!;81 t~C::~I 
Arkansas zone zoue 

- ------ -------11------- 1------
Ore minerals: 

Sphalerite----·-- --- X X X 
Galena---- --- ·- - -- - X X X 
Chalcopyrite______ _ • X X X 

rrn~~iie:: :::::::: : ~ ~ x 
Enargite _ . . _____ ___ • X X X 
Arsenopyrite--- ·-·------- ---- -·- ----- X 
Tetra hedrite ___ ._ · --------- X X 
'l'ennantite-- ---·- -- ·---· -- --- X X 
Gold --- --- --- --- ---- -- -----·- X X 
Argentite ____ ______ · - -------- X 

• Small amounts. 
• Pink spar. 

Gan~~~t;~-e~~~:___ ___ X 
Jasperoid __ ________ X 

X 

Adularia ____ _______ X X 
Dolomite__ _____ __ __ • X X 
Calcite._____ ___ ____ X X 
Ankerite _____ ______ ------ ----- --- ----
Sideri te ___ ____ __ ___ -- --- ------- --- ---
F luorite _______ _____ -- ----- --- X 
Barite _______ _______ ------ - --- X 
Rhodochrosite ___ __ -------- -- X 
Rhodonite __ _______ -- --- - -- -- X 

X 
X 

X 
X 
X 
X 
X 
X 

It will be under tood, of courc:e, that the li ts representing the 
epithermal and mesothermal zones are compo ite, includincr all the 
important mineral found in the e zones throughout the world. Any 
one depo it of either zone may contain only a few of the minerals 
listed . The Arkan as list is not . o exten ive as that in mo t dis­
tricts characterized by magmatic ores, nor are certain of the minerals 
as abundant. Still it does not eem that the absence or c~n·city of 
a few mineral. should call for a totally different origin of the 
Arkan as re f rom the one no" crenerally accepted to explain mos., 
of the metallif rou ore depo it of the "orld. There are certainly 
wide regional variation even among the ores that are generally 
accepted as of magmatic origin. The mineral of the Arkan as de­
po its are the arne a tho e characteri tic of the outer zones of ma g­
matic ore deposit . The following table compares the mineralocry of 
the Arkansa deposits with that of the outer zone at Tintic, tab, 
and Leadville, olo. where the ores are admittedly of magmatic 
oncrm . The imilarity in mineral composition of the ore and in 
crystal habit, hown under zone 3 of this table, uggests that the 
physical and chemical condition at the time of deposition were 
essentially identical in all three places. 

The evidence that ha been cited in upport of the theory of mag­
matic origin deal , among other thing , with the presence in the ores 
of certain constitu nts that are mo t logically explained as derived 
directly from a magma and with certain orderly chancres in miner­
alogy during the period of ore depo ition that are believed to be due 
to a decrea ing temperature at the poi11t of deposition or to changes 
in the composition of solutions given off from a magma. This 
evidence in no way preclude the possibility that certain con tituents 
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Comparison of minerals in ore deposits of northern Arkansas with those in deposits of the Tintic mining district, Utah, and the I~eadville mining 00 
district, Colorado 

Later stage (vein and replacement deposits) 

Locality Ear ly sta~e (contact.-metamor- Replacement deposits in limestone and dolomite, arranged in zones outward !rom intrusive center 
p ic deposits) 

Veins in and near central . intrusive Zone 1, near intrusive center Zone 2, at moderate distance Zone 3, remote from intrusi,·e 
from intrusive cen ter center 

Tlntic •---- Spinel, enstatite (largely ser- Much ~yri te; galena, enarfite, Much enartite, wi th little py- Galena, sphalerite, and minor Galena and sphalerite, scarce 
ponLlnized), garnet, tri- dark- rown sphalerite, I ttle rite, tetra edri te, and lamatl- pyrite; abundant jasporoid , r,yrite; dolomite spar, scaleno-
d),nite, little magnetite. chalcopyrite; quartz in well- nlte; jasperoid, with lew small moderate barite, minute edral calcite, little quartz; 
Cut by veins of later stage. developed crystals formed by quartz druses, much barite; quartz crystals in scattered silver only a lew ounces to the 

replacement and cavity fllling; gold $10 to $12 a ton, silver 20 cavities, little dolom ite and ton . 
barite. ounces a ton. scalenohedral calcite in mar· 

glnal places; silver 30 to 40 
ounces a ton; verr; little gold 
with local except ons. 

Leadville • M uch serpentinized slllcate, Only small veins found in the Pyrite, dark-brown sphalerite Brown sflhalerite, galena, Light olive-green sphalerite, 
some wollastonite, tremo· central Intrusive area, but (marmatitc), Jlalena, rare bis· pyrite, ittle chalcopyrite; galena, variable but prevai.linf,· 
li te, and epidote; magnetite, si milar veins of quartz, pyrite, muth-silver s phldes, chalco- quartz, Jasporoid, barite; ly scarce pyrite, negligib e 
hematite, and also siderite, with local shoots of sphalerite, pyrite, and arsenopyrite: man- silver con tent moderate. chalcopyr ite; dolomite and 
which is transitional lnto galena, and cha lco~yrite, and gaoosiderite, quartz, rare ba- calcite; quartz and Jasperoid 
later stage. Cut by veins relatively high !(O d content rite (in marginal locations), subordinate except in barren 
of quartz and pyrite with are abundant m adjoining siderite. ankerite. and white ledge; silver content low; gold 
relatively high gold content siliceous rocks. dolomite; s.ilver content mod- content very low. 
that belong to later stage. erate bu t locally r ich; very 

' little gold with local excep-
I tions. 

Northern · ·- ·- ·-·-----·-· -·--- - ·- ·- ·-·- -- -- ·- --- -- ·- ·- - -·--- ------ ·- ·- ·----- --- - ·-·--- --- -·- - ·- --- ·----------- -- ------------ -- --- Dominantly rosin-colored but 
Arkansas. some black sphalerite, less 

galena, negl~ible pyr ite, cbal· 
copyri te, an enargite; jasper· 
oidj quartz, pink-spar dolomite, 
sea enohedral sod steeply rhom· 
bohedral calcite; silver content 
extremely low; no gold. 

• Lindgren, Waldemar, and Lough lin, G. F., Geology and ore deposits or the Tintic mining district, Utah : U.S. Geol. Survey Prof. Paper 107, pp . 94, 127, 159, 1919. 
• Data furnished in 1932 by 0. F. Loughlin. See also Loughlin, 0. F ., nod Behre, C. R ., Jr., Zoning of ore deposits in and adjoini ng the Lead ville district, Colo.: Econ. 

Geology, vol. 29, pp. 216-2&1, 1934. 
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·of the ore , such as calcium and magn ium carbonate , have been 
ab tracted f rom rock that were traYer ·ed by the ore solution after 
leaving the magma. P erhaps even much of the water of the depo it­
inO' solutions may hav been of meteoric origin. These later ad­
clition. would <Yreatly modify the compo ition of the ore olutions 
but their gen ral effect on the compo ition hould be more or less 
con tant throuO'hou t the period of ore deposition. The magmatic 
con tituents of the solution , or change in these con tituents hould 
persi t and be revealed in the ore deposits, a we find to be the case. 
Insofar a a ma<Ymatic influence is indicated in mineralogic changes 
that can be a cribed to clecrea ing temperature at the point of dep­
o ition, the e extramagmatic constituents would be affected by the 
falling temperature in the ame way a the original constituents and 
should aiel in recording this temperature effect of the cooling magma. 

The runs and blanket vein · alonO' rather ill defined shattered 
zone within certain beds in the \.rkan as field app ar uperficially 
to be very different from the lode deposits that are commonly 
thou<Yht to be charact ri tic of the maomatic ores, but this difference 
is due to tructural difference in the ites of depo ition and is non­
e ential in con idering the more f un damenta l question of the ource 
of the olution . The Arkan as depo its bear a clo e resemblance 
tructurally to the epithermal deposits described by Lindgren.44 

'pecial points of similarity are the shattered structure instead of 
well-defined fracture the abundance of druses, and the existence 
of coar cru tification, at lea t insofar a phalerite commonly lies 
along the bord r of ore po ket with dru y pink-spar dolomite 
toward th c nter~. The tructural eviden e points to rather hallow 
depths of depo ition for the Arkansas ores. P erhaps the better ­
clefined faults and fi ures in the Boone formation in Newton County 
may indicate omewhat O'rcater depth of thi region at the time 
of mineralization, which is not unlikely in view of the location of 
the re<Yion within the Bo ton Mountain , where the thick Carbonifer­
ou. ro k hav more recently been erod ed from above the ite of 
the ore d po its. 

Emmons 45 ha pr ented the a ociation of the Mississippi Valley 
ore depo its with faults a evidence for their maD"matic ori<Yin. Thi 
association is rather pronounced in the \.rkansas field, and of course 
the presence of faulted zones would offer favorable avenues for 
the upward movement of ore olution from magmatic depths. On 
the other hand, the shattering adjacent to f aults might prove equally 
advantageous for the d se of artesian solutions, or for the localiza-

"T.ind)l'ren, Wa ldemar, Mineral deposits, 4th ed., p. 445, 1933. 
•• IDmll!on , W. H ., '.rh e origi n of the deposits ot sulphide ores of the Mississ ippi Valley: 

E con. Geology, vol. 24, pp. 221- 271, 1929. 
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tion of depo its simpl becau e of favorable tructure. H ence as 
a means of di tingui bing between ore of magmatic origin and ores 
of artesian origin the relation to faults is not believed to have much 
l"ignificance. 

In ummary, it is believed that the altitude of the ore depo its 
in the Ponca di trict as compared to the altitude of li me tone and 
dolomite outcrops on the Ozark dome is unfavorable to apy theory 
of concentration of the ore from the c rocks by mean of artesian 
circulation beading on the Ozark dome. The po ition of the White 
River across the course of such arte ·ian circulation would also tend 
to prevent the ri e of arte ian water to the lev l of the Ponca de­
posits. The development of a paragenetic order of crystallization 
in the northern Arkan as ores, the pre enc of narrrite and wulfenite 
and the mineralogic imilarity of the ores to tho e of otb r regions 
where a definite rrenetic r lation hip to intrusive i rrncous rock can 
be shown are believed to favo r the theory that the ores are of mag­
matic origin, althouo·h the constituents that make up the abundant 
pink- par dolomite gangue may have been l ached in part at least 
from the wall rocks traver ed by the solutions after they left the 
magma. The depo its are believed to ha,·e formed relatively near· 
the surface. While the vicinity of faults would undoubtedly be 
favorable for the rise of magmatic solutions from depth, the struc­
tural condition. produced by faulting would be equally fa,·orable 
to re ]epo ition from any oth r sour·c . 

OXIDATION OF THE ORES 

· -orthem Arkan as ha · been of little importance in the nited 
tate a a producer of ulphiJ.e ore· , bu t it a sumed a very high 

rank e pecially during 1916 and 1917, a a producer of oxidizeu 
zinc ores. Thi wa due largely to the purity of the product, which 
g reatly si mplified the metalluro-ical treatment neces ary. 

T he mineral of the oxidized deposits have been de cribed in 
d tail. The commercially important ones are. smithsonite and 
calamine, alth01wh cerusite attain some importance at the Bald 
Hill mine. Usually, however, galena remains unaltered in the oxi­
dized deposit , even though the accompanying sphalerite may have 
been completely changed to carbonate or silicate. 

Although some movement of the zinc ore occurred in solution dur­
ing oxidation there has been no enrichment. Ind eel, the gro s effect 
has probably been one of impoveri hment: if the zinc, in olntion 
is ever carrieu beyond the limits of the primary d po it it is oon 
dissipated and lo t. The oxidized ore has formed in the openings 
vacated by the sulphides upon oxidation, or else in the unoccupied 
spaces in the adjacent vugs and cracks. Much of i.t was precipitated 
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on unaffected or partly leached sulphide crystal. , and the presence of 
_ ulphide kernels :in the oxidized ore is almost universal.·16 Part of 
the oxidized zinc has also been fixed in the primary depo it by 
replacement of pink spar. H ence the oxidized deposit ' ill . how 
the same types of occurrence as the primary deposits from which they 
were derived, except for minor textural rearrangements that have 
tended to agglomerate the ore into ln.rger mas es of " free " ore that 
do not have to be milled and for a certain amount of decomposition of 
the country rock to reel clay. Much of this decompo ition has tak n 
place since the oxidation of the ore, as hown by the occurrence in 
the clay of botryoidal ma ses of pure ca rbonate of the type that 
usually forms in open vug . 

The absence of replacement of the country rock beneath or down 
the dip from the original sulphide deposits is in marked contrast 
to the conditions in important oxidized deposits in the Cordilleran 
region. Perhaps the explanation is to be found chiefly in the abun­
dance of calcium and magnesium bicarbonates, derived from the 
overlying country rock, in the waters that effect the alteration of the 
zinc sulphide; some of the zinc is alsq held in place by replacement 
of pink spar , or, more rarely, of the immediately adjacent limestone 
or dolomite. 

Except for local occurrence · of a little zinc carbonate or ilicate 
along more open channels, the deposits below ground-water level are 
unoxidized. Many that lie well -above the water table are likewise 
nnoxidized or only partly oxidized. This is especially true of tho e 
in fine-grained dolomites, through which the movement of ground 
water is more or less inhibited. Under such conditions zinc sulphide 
may lie practically at the grass roots. 

SPECIAL ECON OMIC APPLICATION OF GEOL OGY 

The preceding pages of thi report contain information whose 
application may be of considerable practical importance in pros­
p cting, in the appraisal of properties, and in the development of ore 
bodie . It is propo eel to summarize here the outstanding features 
of the ore deposits that have a direct economic bearing. 

It has been shown that the mo t productive deposits occur in 
either the Everton or the Boone formation . In harp and Lawrence 
Counties the Smithville formation has proved omewhat less produc­
tive. The Powell dolomit is eli tinctly unfavorabl except for 

•• One of the big commercial probl ms of the district bas been the occu rrence of these 
mlxrd ores. whi ch nre not nmeunbl to scptuntion by the jigging methods of concentra­
t ion used in the field . Genera l practice has been to keep the more "jacky" portionR 
st•parate from the rest if th mineral IR unevenly distributed in n mine. It is marketed 
as a mixed ore at a con. iderably lower price thau the ca rbonate or !!icate. U uully 
1 percent of sulphur is allowed in thP concentrates, but fo r morf' than that a penalty is 
Im posed by the smelter. 
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two ledg ·, one lying 30 f t and the other 60 fe t above it ba , 
and even these ] dges have been, on the whole unpromi ing owing to 
the irregular di tribution of the or po ket within them. The 
Cotter dolomite ontain a few promi ing p ro pe t out ha nowhere 
yielded an important mine. The di tribution of th Iiff rent forma­
tion within the Y llville quadrangl i hown on plate 3. In u ing 
thi map it houlcl be borne in mind that the for mations have been 
plotted on a v ry imperfect topo<Yraphi ba e map (mad in 1 91) 
and that numerous errors appearing on this map will affect the di -
tribution of th fo rm Htion . In many pa rt of the a t· a the formation 
that rops out in a c rta in f ra tionn l part of a land e tion can be 
determined by referring to th map, but this procedure can lead to 
incorrect conclu ion wh -re the map is inaccurate. The ability to 
recognize the different formation accordin()' to thei r ha.racteristic , 
a pre ent d in the section on t ratig mph y i preferable in cleter­
minin<Y what formation is pre nt. 47 

It ha - been hown that the 'ici nity of a fa ult i.- favorable pro -
pecting ground for ore deposits, but that. ex ept where the rock 
on one side is Boone lime tone or cher t, the fault it ·elf i likely to 
be barren. The tructural feature that are usually mo t favorable 
for the depo ·it are relatively in ignificant: sligh t. flexur , or even 
simple fracture that are limited to certain bed , may be all that · 
are nece sary to create optimum condition for ore depo ition. A 
monoclinal di placement of a few feet, taken up by hattering in the 
rock rather than by a clean break, is e ·pecially favorable. Although 
uch features may occur in the rocks ou ide of faulted di tri ts 

and may prove to be richly mineralized, the minor ad justment to 
E.tresses that are et up in the neighborhood of major faults have often 
been of the requisite type and amount to produce them mo t abun­
dantly . Major faults, where they ut the Boone. are likely to be 
mineralized· and sh0uJd be pro pected carefull) befor they are 
eliminated from consideration. 

An understanding of the form in which m t of the deposits 
occur-namely, as runs that are limited to certain bed in nearly 
horizontal strata-is of importance in deciding upon a plan of devel· 

" A ra pid and convenient m thod for di stingui s hing between limes tone and dolomite 
can be prodded for n few cents. H commer cia l muriatic acid i ~ <llluted wi th two or three 
parts of wa ter a nd a drop of this is applied to t he •·ock in question, a limes tone will 
••ffer vesce or ·• fizz ., vi)"!Or()u ·ly, but a dolomite will react ' 'ery lugg lshly or not at a ll . 
If a dry place on the dolomite is then scratched back aud forth several times with a knife 
so that some of the materi a l Is powdet· d a long the sc t·ntch , a drop of acid will produce 
n "fizz " In this powder . In the expe ri ence of t he wr ite•· a ~mall rubber-stop pered Iodine 
bottle, containing n glass rod in t he stopper, makes an ideal con ta iner fo •· th acid 
dilut ed a· above. Such a bott le can l.>e curri ed In n pocket where th ct·e Is no danger of 
the co rk coming ou t , and a drOll c·an be app li ed with the g lass rod a~ des ired. If the nc i<l 
spills on a p r Ho n it is not cspPcia lly hurmful In the diluti on r<'COtnm~ndcd and cnn b 
washed off without a ny seriou s effects. 'l.'he a ·id . even in tli lut c rom> . '" vPry <lestntct ive 
to <'lathing and hould be wushed out as qui el<ly as possible. 
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opment. It will be obvious that sinking a shaft on the outcrop of a 
mineral deposit is wa ted effort unles there is evidence to how that 
the depo it is on a fault, or on some pronounced flexure that is likely 
to continue in depth. ually the correct method of developing 
a run i · by follo,Ying the ore a long the bedding. ow here is the 
ag -old advice to follow the ore" more applicable than in northern 
Arkansas. The structural feature that determine the limits of ore 
deposition are relatively of such minor proportions that they may 
give out at any point, or they may cha1w direction. Any plan 
of development that i ba. eel on projecting the e structural features 
into unlmown ground is liable to failure. 

Certain estimates of ore re erve haYe been made in mining camp 
of northern .A.rkan ·as by comparing th area that ha not been 
touched with the area of the underground working . uch e timates 
are based on the assumption , contrary to evidence, that ore deposits 
in certain beds are of uniform tenor over considerable areas. An 
under tanding of th nature of the runs and of the cau e underly­
ing their development will how that they are of moderate ize and 
that the ground between adjacent runs is normally barren. There 
are probably many undevelop d prospects in the region that would 
prove to be of the ame degree of richness as tho e which have been 
exploited and that, under economic condition such as prevailed in 
1916 and 1917, could be profitably worked. It will, however, be 
difficult to estimate, in advance of actual development, what uch a 
depo it would yield. The roughne of the topography in northern 
Arkan a· i in o-eneral unfavorable to the economical use of the port­
able churn drill which has played so prominent a part in the 
prospecting and development of the Tri-State di trict of Missouri , 
Kansas, and Oklahoma. 

MINES 

The followinrr de cription of minino- properti , with f w excep­
tions, relate only to those vi ·ited by the writer. The attempt wa 
made to examine all th prop rties in northern Arkan as that have 
produ d or or that show any promise of future production. In­
formation on the exi tence, location and worth of different pro pects 
came from o many different ource , however , that no uniform ba ·i 
on which to pass judgment in advance of examination could be 
worked out. The writer wa neces ·arily guid ed by the kn owle ]O'e 
and opinions .of ertain men interviewed a · to 'vhat properties 'Yere 
worth visiting. H ence it must not be a umcd that the pr p rties 
described in the following pag s are neces aril. more valuable than 
other that ar not de cribed. Undoubtedly some have been over­
looked that may have produced con iderabl ore. Some reported 
occurrences of ore that turned out to b nothing more than a " hine" 
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have not been thought worthy of tr atmcnt in thi · r port but, a 
a general rule, if any ore at all show d at a pro pect that was vi ited, 
a description of the property i inch1cled . No attempt bas been 
made to include information on pro pc t that are treated in Bran­
ner s or Adam ' r eports if they were not revi itcd by the writer. 

Some of the information on production appearino- in th cl scrip­
tions of the different mining properti es is reliable, but some is not. 
Very few detailed stati tic have been k pt in th r gion, . o that 
many of the figures gi en expre little mor than the general order 
of magnitude of the production. 

WASHINGTON A D BENTON COU 'TIES 

Low-grade del o its occur in Boone limestone and chert at several 
places in Washington an l Benton ounti s, but none of them have 
been commercially profitable. 

Morrcnv.-Thi. pro pect i · ou the righ t bank uf Fly r k 700 or 00 f et 
below the to,vn of lllorrow. Washington County, in th e \Vlj.J,S£1,4 sec. 2-, T. 
14 N., n. 33 W. 'l'be ore i in the Boone formfltion, ap[ a ren tly near the 
top. The opening is a large pit 200 feet IOU"', 40 to 50 feet wide, a nti 30 feet 
deep, dug on the edge of a flat immediately bordering the creek. the 
surface surrounding the pit Is only about 10 feet abo,·e th le,·el of the creek, 
the lower part of the pit i· full of water. The only nntural expo nre in the 
neighborhood are in the creek bed and reveal interbedded chert and lim tone, 
horizontal and to .1 11 appearances unbroken. 'l'hc or utineral · are galena and 
"jack", the latter grading from rosin jack to almost rnby jack. In their 
original type of o cut-r nee th se sulphides are scattered in pocl,ets and small 
cracks through the chert and, to a less extent, through the lime ·tone. The 
galena tends to occur in rather large chunks, but tbe jack i more granular, 
appearing ·as · single crystals . averaging one-eighth inch in size (maximum 
one-fourth inch) or as aggregates of such crystals. A little calcite a o •iated 
with the ore is in the form of small rhombohedrons. Part of the ore is 
reported to have been taken from clay at the top of the flint, after th oil 
had been stripped. It is probable that most of this wa lead ore. 

The fir t work on this prospect is sa id to have been clone somewhere 
around 18 0, or perhaps as much as 5 year la ter than that, but seriou 
development beaan in 1908. The property was worked to .·ome extent durin" 
the period of high prices in the early year of the World War. In spite f 
the fact that a mill wa erected to handle the ore, the output ha been small , 
estimated at about 50 tons, half galena and half jack. The ore i too widely 
disper ed in the rock for the prospect to be developed commercially. 

A 50-foot haft, abou t 100 feet north of the op n pit, co ntai n. a lit tle ga lena. 
but it was of even lower grade than thflt in the open pit. L ad •· shine " 
are reported in the creek between point a quarter of a mil abo 1·e untl a mile 
below the prospect. 

Btwr.- Thi · pro pect i in the 'E~ Wl,4 ·ec. 2 , 'l'. 16 ?\., R. 32 W., Wa ·h­
ington Couuty, a mile or o nortll a ·t of Rhea'. Mill. 'l'he l cation is on tile 
r... F . Ezell land, in a comparati\·ely IeYel old (i Ill tlla t Colltai ns no outcrops. 
The ore hec1 i. · Boone ch rt. The cleYelopment eonsi t of lhe r six old shufts 
spread o,·er a cl iameter of 500 feet or ·o and . un k originally to a repor ted 
depth of abou t 70 fee t, which is th depth of tl e minera l. 'Ihe ore hown on 
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the dumps consists of scattered galena cr ystals occunin"" in chert; it was not 
ob n ·ed in the as. ociated lime tone. Some of the ore is said to ba ve b .en 
tnken out of loose clay, and one mas· is report d to have weighed 400 pound . 
The total production amounted to only 5 or 6 tons, made somewhere around 
1905. The pro pect is of low grade. 

RoUer.-In 1929 a shaft wa put clown iJ1 til Boone fo rmation on the A. ,V. 
Roller propet·ty, in the SW1,4:-.1 E1,4 ec. 13, 'l'. 21 K , R. 28 w., Benton ounty. 
When visited in November 1920 it bad reached a depth of 50 feet. From 
a point 10 feet below the collar clown, a little ro ·in jack occurs in fine-grained 
Boone lime tone and in the hert. A little galena i al · r ported to have 
been found. Tbe ore i. reported to be richer a long a ,·ertical crevice, becoming 
leaner away f rom it. The baft is located in fairly level farming country. 

PONCA-BOXLEY DISTRICT 

The Ponca-Boxley di strict lies in the valley of the Buffalo River 
in northwestern ewton County. Most of the depo its are in variou 
tributary hollow on the northwe t side of the river in the general 
neighborhood of Ponca, and they line up in a . general northeast­
southwest direction. The ore are hiefly zinc ca rbonate and o-alena .. 
They occur together in the Boone ch rt and limestone, and galena 
occur al o in everal deposits in the ba al clay of the Bate ville and­
stone. Zinc ilicate is pre ent on on of the level of the Ponca ity 
property and at the Bennett mine. Many of the der osits in the 
Boone are localized along fractures Ql' along in io-nificant faults. 
Some of the faults show horizontal slicken ides, indicating that the 
movement wa in a horizontal direction. The production of the di -
trict has b en about 4 000 ton of oncentrates, of which 1,500 tons 
wa o-alena. Mining for lead wa done on the Bennett property, 
which has been the mo t productive in the district, as early as the 
time of the Civil War. 

Bt·ewer.-This miue is in tbe E1,4NWIA, ec. 1 , T. 16 N. , R. 22 W., about 
1 mile north of Ponca nnd on ly a hort di tan e below the Ponca-Compton 
highway. It lies on the . tecp ea t slope of tbe east prong of Adds Or k near 
its head, about 250 fe t above the level of tb re k. The main tunn I goe 
uortbeast about 500 i'eet (an additional 400 feet i caved) into tbe bill and 
i dri\·eo on a min ralized fracture parallel to and only 5 feet or o soutbea t 
of a fault (fig. 10). The fault run. . 45• E . and shows a downtbrow on the 
sou tbea t of about 60 feet. At 175 feet back from the porta l of the tunnel a 
rai e of 72 f et to the surface i u d as a hoistin.,. shaft. Near the nd of the 
main tunnel two mineralized fracture have been followed by lri fts--<>ne d rift, 
80 feet from the end, going about . 25• W. for 1GO feet into Boone lim tone 
of the uptbrown block of the fault, and tbe other, at the end of the main tunnel, 
going about . 25• E. at a horizon ju t b low the ba e of the Batesville sa nd­
stone in tb clownthrown blo k. 1'bis e ond drift had been driven 220 feet 
wb n the min wa vi it d in 'ovclllber 10:...9 and wa bein"' extencled at that 
time. The tructure in both block·, aw<ty from th immed iate vicinity of 
the fault, approa he horizonrality, but nen r th end of tbe drift on th nor th­
west fractur the trnta ri ~:<e at an angle of 5• to 10• . :-\ear th fault, u the 
downtbrown ·ide, th bt•cl,; a re dra 1o:g cl up steeply. so that the location of 

69:.!71- 35-- ll 
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th e fault i bad to place. According to report tbc Bate ,·i!l e ·a nd.·tone is 
only about feet thick in th hoi ti.po- haft, aud i t ba ·e lies about 20 f et 
aboYe the fl oor of the tunnel ben atb tb shaft . About 150 f t fnrther back 
in the tunnel, where the di placement on the faul t i nppn rently the gr at t, 
the Batesville appr ache - within a few iuch f Lhe floor, but at the r ar end 
it ba ri en again 15 feet or . o. 

/3~~~~rsefs~;~;}f~~;.~~nBe~One timest.one 
s'to 10• 

72'TO 5VRFAC£ 

Base of Batesville sand s tone 
20' a bove floor 

Bedd•ng practically horizontal 

EXPLANATION --Fault 

....----::-
Mineralized fractur""e 

/(.s'toto• 
Strike and dip of bedding 

50 ISO Feet 
~~~----~-----L----~ 

0 

F1oonE 10.-Plan of Brewer mine. 

The primary ore mineral. a re galena and rosin jack. The latter occurs 
on ly along th e eros fracture runn ing outb ast. eli ·~em in ated in Boone li.me· 
stone within the first 5 feet below the base of the Batesville. The rock is min­
eralized adjacent to the fracture for 2 feet on each ide. Most of the jack is in 
grain smaller than one-eighth inch but a few blebs measu ri ng an inch or so oc­
cur. The galena, which is intimately associated with the jack, is in larger cry -
talline masses, averaging 1 to 2 inches in size. A little calcite is associated with 
the sulphide minera l in tli i o cm·rence. Above the level of t lie mixed su l­
phide is ga lena in greenish to buff sandy clay at the base of the Batesvil e. 
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The galena occur in large crystalline nuggets, some of which weigh several 
pound , rep lacing the clay over a wi lth of 4 or 5 feet centered on the fracture. 
Although the main ore zoo is only 1 foot or less thick, orne galena occur in 
fracture in the fine-grained Bate ·v ille sandstone as much a 2 or 3 feet above 
tb contact. Where the rock, including th basal bed, is llattered, the galena 
may be accompanied by ca lcite. P ocket. of gyp. urn appear in the basal ore­
bea rin « clay of the Bate '\' ille but do not appear to be especially related to the 
ore. 

A liltle galena ha. replaced the Dates\' ille clay materia l alon"' the fault 
in a ries of mall lrifts ju t beneath the roof on the north\Ye t wall of the 
main tunnel, but apparently the fault gouo-e wa too imperv iou for the ore 
to develop in this occurreD e to any great extent. The mineralization along 
the northwe t fra ture and along the fracture followed by the main tunnel 
wa simila r to that below the Batesville contact in the outheast fracture, 
except that part of the mineralized lime tone in the main tunnel is silicified, 
and all of the jack has been oxidized to carbonate. Some of the ca rbonate 
is of the ' pine bark " type and lies heeted parallel to the wall of the frac­
ture, adjacent to the barren limestone. Tile mineralized zone along this fracture 
is generally about 1 to 2 feet wide but in places widen· to as much as 10 
feet, althou"'b the ore minerals form only a small proportion of this zone. The 
richest ore ccurs for a hort di tance below the base of the Batesville. Ac­
cording to reports, the fracture extended only about 160 feet back of the 
hoisting haft, and thence to tlle eros fractures the tunnel wa practically 
barren. All the ore has been mined out of the main tunnel fracture and the 
northwest fracture. Where the Bate ville sandstone comes down to the floor 
of the main tunnel galena occur· in the basal clay and al o in fractures in 
the overlying 3 or· 4 feet of !'and tone. '.rh is occurrence i closely adjacent to 
the fault. 'alcoa i · report d to bnYe be n tak o out of the Batesville sand-
ton in til hoi ting shaft. 
The Br wer min i reported to have produced around 600 ton of ore ince 

1916. l\1o t of this wa lead, the rest bein"' zinc carbonate. Part of the ore 
wa hipped as f ree nu uget lead, nod the re t was hauled to th creek below, 
where it wa · band-jigged. 'l'he mine wa being worked in a mall way in 
NoYembet· 1929. 

orne prod uction hn al. ·o be o obtained from other working on the same 
fault but fart11er down the hill. The hio-hest of these i about 35 feet below 
the Brew r tuunel and is r po1·t d to have yielded one galena rna weighing 
1,750 pounds. Anoth r le,· 1, 150 feet below the tunnel, produced gray crystal­
line carbonat and ome turkey fat, but no lead, from the fault zone, the ore 
body l.Jeing about fe t wide. A third level , 185 feet below the tunnel, pro­
due d turkey fat, nl f rom the fault fis ure. 

Brewe1· No. 2.- This pro p t i on the opposile (nort11ea t) ·id of the spur 
from the workin"'S ju t d crilJed. It li e· in a teep "Ully near the top of the 
hill on the outhwest s ide of a llort but deep ly cut tributary to the Buffalo 
River , in the WlA, El/1 sec. 1 , T. 16 N., R. 22 W. 

The horizon i the top of. lhe B one formation from 0 to 15 feet below the 
overlying ·Bat sville sand ·tone. The working i · an open cut 70 fcrt long and 
4 f et wide, pa ing into a 20-foot tunnel at the rear. 'l'he two walls of the 
cut are formed by lickeo icled faul t surfaces, striking N. 6° \"i1. and standing 
practically vertical. The more pronounced ( ea t one) of the two faults hows 
a vertical displacement of a few inche , down on the east. The greater move­
ment, however, was horizonta l instead of Yertical, as shown by the flutin gs on 
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the s lickensided urfa ·e. which dip sou th in to the hi ll at a ngles fro m 0 to zo•. 
The ore is entir ly galena and i. ithe r embedd d l ir , t ly in t h li me t ne or 
associated in pocket with a little calcite. 

Chimney Roclv.- This mine i on the sou th ide of a t E'P p: ully u ar the top 
of the ridge, a quarter of a mHe or o northwe t of the Brewer 
lt lies in the arne 40-acre tract, the NW:Y~N El/1 sec. 1 , '1' . 16 ., n. 22 W . 
'rhe workings cou i t of two tun nel in to Boone lime.-tone, irm ned ia t ly uude rly­
tng the Ba tesville sand tone. The lar"'er of the e t unn E' I , beg inning nea r t b 
b,ed of the " UII Y, i caved but is repor ted to ha ,-e gone iu abou t 170 feet and to 
have produced about 30 ton of lead concentrn te. durin"' t he early y ars of t he 
World W.a r. Th smaller tunnel, who e porta l lies 30 f eet nor th a t of the 1 or­
tal of the other one, goes in . 49• E. fo r a bout 70 feet nlong a small fault t hat 
bows a down throw of 2 feet on the southwest at the rea r end of the t unnel. The 

di placement on the faul t decrea e to p ra cti a lly zero at t he por t:.'ll. The only 
ore minera l observed a t t he t ime t11e tunnel was exn millj d wR. 11 li ttle gal na 
associa ted with .an onyx type of a lci te, a nd occuning in th e f:1 ul fracture in 
t11e ba. e of the Ba tesvill e, nea r the portal. At 50 feet ea t of thi ~ tunnel a n· 
otlle r fa u lt, . t rikin "' r . 1 • W. and nea rly v rtica l, shows well-developed 
slickensided grooves that di p about 10• S. 'l' he downtllrow on thi faul t is 
only 2 fee t , on the we t . A pro p ct drift on tlle fault, only 10 feet or so in 
length, doe not r eveal ore of a ny kind. 

Kilgore.- Thi s mine, in the SWl/1 sec. 1 , T . 16 1. , R. 22 W., a few buntl r d 
f e·et east of south f rom the Brewer, wa caved a t tlle time it wa vi itccl in 

'ovember 1929 but was being reop ned. The fo lowi ng note were f urni b cl 
by Ike Kilgore and Ed Minicus. 

The stra ta dip g ntly from the Br wer to t he Kilgore, nnd tb or occurs at 
the a rne horizon.· in ea b- a t the base of the Bat vill e sand tone and in 
iJb media tely underly ing Boone lime tone. The main tunnel goes in 400 feet 
or o a long a "break," running . 3 • El (probably magnetic). From this 
tunnel a t !eRst three pa ra llel fracture were worked to the nor tll west to dis· 
tances of 100 to 200 feet , their direction being probably parallel to t ha t of the 
sou thea t dti f t of the Brewer mine ( S. 25• E.) ; indeed , Mr. Kilgore thinks 
t hat the central one of these three fractures i tb sa me a s tlle one in th 
Brewer. Th at pa rt of the main tunnel in f ront of t11e eros f ractur (about 
300 f eet) produced ore, but a long the s tretch where the;:e fractures join t11e 
tunnel it was barren . All of tlli ore was taken f rom the limes tone below the 
Bate ville sand~tone. The northwest fracture produced re not only from tlle 
lime tone but al o from the base of the Batesville sand tone. One of tlle mo t 
productive deposits in the mine, however, was not in a fracture but occurred 
as a blanket vein of galena at the base of the B a tesville, between two minor 
frac tures parall el to the ma in (not·theas t ) tunnel. These two f ractures were 
about 35 fee t apart and lay about 100 feet northwest of tlle main tunnel. 

A large cave, about 50 by 75 feet in ground plan, wa broken into below the 
ore horizon . n wa . lined witll white calcite and con tain d lead ore on tlle 
floor beneatll the eros f ractures. 

The ore produc d b~· the Kilgore was both "'alena au d zinc carbonate, with 
the la tter probably exceeding in total procluction. One po ·ke t of "white flour 
r arbonate " i reported to have contained about 15 tons, a sa yin g 46.8 percent 
of meta llic zinc. This ore was never taken out of the mine. During the time 
that Mr. Kilgore worked the mine be took ou t about 500 tons of lead. The 
t otal production, including the zinc carbonate, would: be around 1,000 tons. 

Baker ~ M cGrath.- This old-time working i at about t11e same altitude ... as 
the Kilgore but 200 or 300 feet a long tbe hill to the nor thwest, toward t11e 
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Bre11·er . .An open cut. abou t 200 feet long and 10 to 20 fe t hiooh on the upper 
ide, pa es into a tuunel at the north nd. It i developed on a small fault 

running . 5• E. The fau lt cu ts in to the hill from south to north at a low 
aug! , and the we t ~·a ll of the open cut has been in large part removed . The 
east wa ll expo es li me toue, ·omel'hat hatter cl, and contains mbedded 
galena a nd red-brown jack, the latter in blebs from ha lf an inch to an inch 
in size. 

fl onanza.-'I11 i · is au opt!n ·ut in the Boone fo rn"'ation well down toward its 
ba ·e, on the upper ide of the main highway lead ing clown th e hill to Adds 
' re k , in th ?\W I;\ ?\W l4 sec. 19, T . 16 r., R. 22 1\ . The production has 

been 70 or 0 ton. of zinc carbonate, taken from a pocket in interstratified 
lime and flint, wi th the tl in t fo rming a high percentage of the whole. The -ore 
wa concentrated b ~· ha nd j igging. 

Ponca Oit y .- These working- are in the El,4 SW1,4 sec. 24, T. 16 ., R . 23 W., 
high on t he southw st slope of Adds Creek and a li t tle over a quarte1· of a milt 
west of Ponca. They con:;;i t of . eYeral tunnels, open cuts, and shafts at dif· 
fer nt levels. 

At the top a G -foot s htlft , driven in 192 , begin in the F ayetteville shale and 
had reached the Boone fo rmation when abnndon d, but it produced no ore . 

.About 20 feet below the base of the Bate. ville sand tone two hor t tunnels 
wer worked in 1928. The rock, at least nea r the porta l, is v ry much decom­
posed , a nd as a re ul t both tunnels had cavecl when examin tl i n ovember 
1929. T he ore, to judge from the dump, con ists of ga lena and zinc carbonate, 
embedded in limestone, nnd al o in broken up shaly andstone of the Bates­
ville, indicating that either workin gs were ca rried up to that horizon within 
the mine or el~e ome of the Bate Yille ha been let clown by faulting or by 
weathering. '£he OCCUIT€'11Ce of la 1·ge block of the sandstone in clay at the 
portals ugge t - that th ore in the Bate ville may have been taken from 
uch block , l t down into a c1·a ·k in the underlying rock by weathering. The 

zinc arbonate is of vernl kind n brownish cru ty type, th "pine bark " 
typ , and the normal "' ray cry ta lline type. '.rhe production of th se tunnels 
was only abou t 300 pound of ga lena. 

At a horizon 130 feet below the base of the Bate ,.ille two tunnel open on 
the same leYel with their por ta l abou t 30 feet apart. One be!tins i n the bed of 
the teep draw along wlli IJ a ll the P onca lty working are I cated and goes 
S. 10• W. about 50 feet. into the bill ; t he other be"'ins 'in the northwest wall 
of the d ra ,T, n,·ern"'c ·· ·onthwe. t in d irection, and is 35 fee t long. Fault 
slickensicle show in the portal region of the e tunnels OYer a width of abou t 
15 f et. T he trik of 111 0 ·t of them is ' · 5•-10• W. nncl the dip ran.ges from 
ver tical to h orizont :11, 11 s licken ided urfa e in one example bencl in" f rom the 
one att it ude to the other. Some of the e urfaces are fl uted horizontally, 
indicating that th mo,· m nt was in a horizontal oirection. An isolated 
slickensid , howin g in the 1 ortal of the en t t unnel, strikes r . 57• W., has a 
ver ti ·a l d ip, and hows horizonta l flutin gs. 

The count ry rock i Boone chert and lime tone in about equal proportions 
and is s hattered over a width of about 30 feet, centered on the slict;;en­
s icled zone. T he ore oc urs in the battered cher t, chiefl y in tbe ea ·t tu.nnel. 
and consi. t largely of cry talline zinc silicate. The colors a re white, black, 
and yellow; th y !low material may be cadmiferou ( ?) . A little galena is 
a s ociated with th zinc silicate, but it is not abundant enough to be of com­
mercial importauce. The production from these two tunnels is 110t .definitely 
know Ll, but it amounted to only a few tons. 
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Au open ·ut on the northwc t si le of th draw, 30 fc t bel ow these two tun­
nels, is of interest in that it how a s lickensicled ur ea ·e trik ing N. 10° W ., 
parallel to tho ·e in the tunnel abo1· but !yin.,. 'ome 50 f t ea t of their line 
of [ roj ection. 

A tunnel 35 feet b low the open cut and thu ab ut 200 feet b low t he ua · 
of the Batesville audstone bea rs S. 75° W., into the bill, going dire tly in 
below the pen cut. Tb is opening- ha .· pro"luccd about 0 or 90 Lou. f zinc 
carbonate ore. 

B eechw·ooa.-'l'b is mine is near the top of the hill on the nortbea t side of 
Clark reek, about 1 mile soutbwe t of Ponca. It i omewher ncar the 
qua rte r comer between se s. 2- anti :..6, T. 16 N .. H. 2' W. The alt ittHie i 
a round 1,600 feet. The main (west) workin"' con i t of a 30-foot s haft sunk 
th t·ougb the Batesville and tone and 3 or 4 feet into Boon lime ·tone; a drift, 
runni ng N. 30° W. f rom the foot of the haft a lon" a f ructure iu Boone lime ·tone, 
for a di tance of 120 feet, gradually descending in the Boone over th is str tch; 
and a cross drift at the north end of the other drift but 1" feet or o hi gher, 
at a horizon nea t· the base of the Batesville, and rwming r. oo W. along the 
line of a sma ll fa ult. The maximum d isplacement on lhe fa ul t i about 
feet down on the outh, but althou"'h the fault ro es the drift in the Boone 
below, it i not evident, owing apparently to recrystallization in the lime­
stone. The fa ult decreases rapidly in throw to the west. The upper cro dtift 
fo llows in part and is extended by a natural cave, lined wi th whi te stalactites 
of calcite. It extends 100 feet or more west f rom the junction with the lower 
drift. The clip of the basal Batesville at the foot of the shaft is ea t or s lightly 
south of east, about 30°, bu t along the northwest drift off of the shaft it fla ttens 
to only 5o or o, sligh tly south of ea t. 

The ore consists of galena and zinc carbonate. Both minerals occur to some 
extent, in as ociation with a little pink spar, embeclcled in limestone a long the 
fracture in the Boone, to a depth of 10 feet below the base of the Bate ,·ille. 
The more productive deposit, however, consists entirely of galena a nd occurs 
in a bed 6 inches or so thick along the Boone-Bate ville contact on the clown· 
thrown side of the fault. It appear to be confin ed to a t ructura l ag about 
20 feet wide, adjacent to the fault, but is clevelopecl ch iefly at the we t end of 
the cross dr ift, where the throw on the faul t i Yery small. The galena occur 
in cry ·tal nuggets as much as several inches across. In mining, it i s taken 
up from the floor of low stopes dug in the base of the Batesv iUe. By this 
method of working, as the Batesville is very much softer than the underlying 
~oone, very lit tle shooting is required. Ore occurs in tile sand tone up to a 
level 3 feet above the main blanJ,et vein and al o in the underlying limestone 
to a clepth of 3 feet below it. These exten ions are not so ri ch, however. 

The total produ t ion up to November 6, 1929, was about 16 tons of galena, 
of which 15 tons wa · produced in 1929. 

A . econd ·haft on the Beechwood property is 300 feet ea t of tlle one de· 
scribed above. The workings from this shaft ar e reported to be on a fra ·ture 
in th e Boone running northeast. Th is deposit proclucecl a little over a ton of 
galena in 1929. 

B enmett.-This propert;Y lies high on tll point of the ridge betll'e n the 
Buffa lo River and Cla rk Creek, in the EI4NWI4 . ec. 35, T . 16 N., R. 23 W. 
The a lti tude i. around 1,550 feet. Owing to the fact that the pr operty wa 
lea. cl in very small lots, a large numbet· of openings were 01ade, most of 
them ·haft· (12 r eported) . The cleepe t one i said to be 146 feet deep, bu t 
most of them are from 30 to 60 feet. 'I'here a re a l o one or two open p.ts 
on the property. The horizon of the work ing· i s at the top of the Boone, 
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mo t of the hafts beginning in thi formation, from 0 to 15 feet below the 
outcrop of the Bate ville sa JJdstone, but one of the larger shafts at the outh 
end of the group begin a few feet above the ba e of the Batesvill e. Ore was 
obtained in all the shafts from the urface to their bottoms. The group of 
workings are nclo ed in an area about 00 feet long and 100 feet wide, wbo-e 
lon"'er axis trends . 10° E., acros the nose of the hill. A large open cut 
at the north end of the "roup gives the clue to this alin ment. Here the beds 
that a re nearly horizonta l on the we t abruptly teepen in c1ip toward the 
east. Apparently the working are loca lized on the axis of this abrur t flex ure, 
where the rocks have been battered to orne extent by the bending. The drifts 
from the shafts extended along the direction of this axis. 

The ore minerals are zinc carbonate, zinc si li cate, and galena, the carbonate 
predominating. Some of the carbonate left on the Yariou · dump i of a 
brownish to gray dry-bone type. Another type i black and 1 orou and con­
tains . mall specks of aurichalcite, indicatil1 "" a little cha lcopyrite in the 
primary jack. Still a third type is the usual crystalline gray carbonate that 
is so common ill the northern Arkan ·as field . Some turkey-fat or i r eported 
to have been taken from the bottom of everal of the shafts. The ore min­
erals contain a little a ociated pillk spa r and calcite. 

One or mo re shaft at the south end of the !!roup produced lead in th clays 
of the Civil War. A lead ·melter i · reported to ha ,·e been ere ted in 1 89 
on 'lark reek below the Bennett mine to reduce the ore from these mine . 
Branner reports a production of 100 ton of zinc carbonate between 1 9 and 
1 91. However, the bier production f1·om the property came between 1912 and 
1917. Durin .,. thi period the mine hipp d roughly 2,000 ton of concen­
trate and free or , about 0 percent of which wa zinc carbonate. Concen­
tratin"' was done by means of hand jigs. 

Peok.-Th e I au working are in a bluff, 100 feet or o abo'e creek level, 
on the s uth ide of Ed.,.mon Creek, a tributary that enter the Buffalo Riv r 
from th \YC. t b<'tw 11 1 nnd 2 mile aboYe Box!Py. The prope rty i in the 
Nl' J4SEJ4 c. 16, T. 15 N., R. 23 W. There a1·e two tunn Is about 100 feet 
apart both in the Boone formntion a short eli tance below th Bate ville and-
tone. Th w t tunn el goes in about 100 feet n t a horizon 30 feet below the 

ba e of the :n nd ton , f Ilowin"" au ill-defined and rather crool,ed f racture, 
who ·e genernl trend i about outh. The ore, which ha be n almo t entirely 
mineLI out, wa · appar ntJ~· onfin!'d to a width of only 2 or 3 feet n.Jong the 
fra ture. The maximum h ight of tb tunnel i 10 feet. A Yery little galena 
is emb dded ln the lime tone of the tunnel walls at the back ncl of the tunnel. 

The east tunnel "'Oe in 70 fe t . 15° E., nt a horiF.on 10 feet or o b low 
tb Bate ·ville sa nd tone. ?-Iost of the country rock i. lime tone, but the re is 
a G-inch ·enm of prima r.v chert 7 feet below the top of the formation, and the 
mo:t valuab le or deposit o curred a· a b!ank<' t Yein of galena, reported to be 
6 or in be· thi ck, immediatelr unde r this chert. A li ttle ooa Jcna a l o occurs, 
a· ·oclated in part with a Ieite. in th lime tone down to 2 fe t below the chert 
111.\'CI", and gal IHt i mbeddecl rather parin n-Jy in the top foot of Boone Jime-
t ne. The wi<lth of the run i about 10 feet. ny fracture that may have 

con t1·oll cl the ite of cleposition ''"a of sli~ht xtent both horizontally and 
ver t ically, nn 1 aJI evidence of lt wa rcmo,·ect by the mining operations. 
Practically all the or bas b en removed, but the ed~e of the blanket vein may 
still :how a thicknes of 1 or 2 inches in r lace along the wall. 

The e openings arc old, having been work d in 1 2 and 1 83. A smelter, 
built on the creek b low the mine, turn d out ·ome 40 ton of pig lead during 
this period of op ration. Mo t of th ore is reported to have come f rom the 
east tunnel. 
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LITTLE BUFFALO RIVER DISTRICT 

Several mines and prospects are located within the Little Buffalo 
drainage basin in Newton County. \ll are in Boone chert an.d 
limestone. The two most productive, the Panther Creek and K eys 
Gap, are opened on small faults . The output has been chiefly zinc 
carbonate and jack in nearly equal proportions, with some lead 
sulphide, and has amounted to about 3 200 ton of concentrates, most 
of which came from the Panther Creek mine. About 90 tons of the 
total production of the district has been galena concentrates. 

PantliCr Oreek.-This mine is in the ' W:I4NE14 ec. 31, T. J6 N., R. 21 W., on 
a small tributary prong entering Panther Creek from the northw . t. Tb main 
working is a 9Q.foot shaft, driven from a point 15 f et above th bed of the 
branch, on the southwest bank. The country rock i Boone lime ·tone and chert, 
the shaft collar lying roughly 100 feet below the top of the formation. The shaft 
was put down on a small fault running . 10• El., and drifts lead off along this 
fault at diffet·ent levels from the shaft. Movement alon"" the fault ha been 
chiefly in a horizontal direction and has dropped the strata on the ea t only a 
few inches. The movement has shattered the adjacent limestone and chert, 
rendering conditions favorable for ore depo ition. The width of the mineralized 
zone a short distance north of the shaft is about 5 feet, Rlthough roo t of the 
ore is confined to a width of only a foot or so. The fault cro es the branch 
about 100 feet north of the shaft, and on the north side of the branch it lws 
been worked as an open cut, 50 feet long apd 30 feet high, pa ·i.ng into a 
30-foot tunnel at the rea r end. The width of the or z ne i · here about 8 
feet. These workings are at the level of the branch bed. South of the haft 
the fault bas been worked as a.n open cut to a distance of 300 feet. 

The ore is dark rosin jack, dark red-brown (almo t ruby) jack, and carbonate. 
The gangue minerals are pink spar, calcite, and jasperoid chert. The ore 
occurs most abundantly as a filling of irregular ft·actures in both limestone 
and chert along the shattered zone adjacent to the fault and in bedding C'l:a ·ks 
out a little way from the fault. A rna s of jack, weighing 5,200 pounds, is 
r eported to have been taken from the open cut north of the branch bed and ent 
to the World 's Fair at St. Louis in 1904. Lenticular bedding veins of jack 
with the associated gangue minerals occur in the walls of thi s ut. They 
average from 6 to 10 inches in thickness, but the horizontal extent of any one 
vein is not more than 5 feet. Most of these veins contain a fine grotmdmass 
of black secondary chert, in which the jack is thickly eli seminated in very 
fine grains. Another type of ore is eli. seminated in rather coarse limestone, 
usually as small grains but locally in blebs a much as an inch or so aero s. 
A little associated galena shows the same type of occurrence. The gangue 
minerals in ore of this type are a rather pale pink spar and a little calcite, 
both of which have replaced the limestone irregularly. Brownish-gray or 
yellow zinc carbonate occurs as an alteration product of the jack in the 
various types of occurrences. Carbonate is not conspicuous on the dump, but 
according to reports it made up about half of the commercial production. One 
chunk is said to have weighed more than 4,500 pounds. 

The Panther Creek mine is reported by Noah Go s, of Mull, to have produced 
about 3,000 tons of concentrates during the World War. Of this about 30 tons 
was galena and the rest was jack and zinc carbonate. The ore was milled a 
short distance down the hollow from the mine, and the concentrates we e 
teamed to Harrison. 
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Keys Gap.-This mine i in T. 15 N., R. 22 W., probably in the Elfl sec. 11. 
It lies high on the north slope of the Little Buffalo Riv r. The horizon is in 
Boone lime tone near the top of the formation . Most of the ore was tnken out 
of a tunnel, now caved but reported to be about 200 feet long. The tunn el 
entered the hill on a line N. 15• W. but hit a fracture about 100 feet back, from 
which most of the ore wa taken. This fracture runs N. 20• E . and has been 
prospected for several hundr d f et to the southwest, two or three ::..1Jloratory 
!:'haft lying fairly nea r to the main tunnel. A little brec iation in the lime­
ston a long the fractu re indicate that some faulting has taken place, but the 
mo\·ement appears to have be n light. The horizon of the main tunnel is 
about 40 feet below the top of the Boone, but the workings extend up: to the 
top of the formation, appearin"" on the surface as an open cut. 

The ore consi ts of galena, zinc carbonate, and, according to r epOrts, zinc 
silicate, a lthough none of the silicate was identified on the dump. The galena 
occurs as imperfect cube , as much as an inch or o in size, embedded in 
rather fin e to coar e grained limestone along the f racture. This lilnestone is 
pocked with small ca\"ities from which zinc ulphide has been leached, and 
here and there a little dark ro in jack, in gra ins one-eigh th inch or le in 
size, is still preserved. Some of the galena and jack a lso appears in ma _es 
an inch or more aero , embedded in brol,en-up chert that contain a lime­
stone matrix. The ca rbonate \·vas formed chi fly by replacement of the lime­
stone, but occurs also a blue-"ray crystalline material in small openings 
in the chert. A little pink spar was deposited in the limestone along with 
!he primary sulphide mineral. . 

The production of the Key Gap prop rty ha been about 1 0 tons of concen­
trates, of which about one-third ha b en galena and two-third zinc silicate 
a reported, although the ilicate has contained an unknown proportion of 
zinc carbonate. 

Ja-ekpot .--This mine i in a bluff on the ri <>ht ide of the Little Buffalo River, 
50 feet above water leYel in the Elj.~, W lft e . 22, T. 15 N., R. 22 W. The 
main working is a hort tunnel, now caved, at a horizon in the Boone forma­
t ion estimated to be 75 or 100 feet below the Bat~ . ville sand tone. The 
regional dip of the rocks i upstream (to the outh) at a low angle (about 3•), 
but the mine i locat d on a sma ll monocline that dror s the bed a few feet 
on the ea t, flexing them over a width of 30 or 40 feet without faulting them. 
The ore on the dump is '"'ray to drab zinc carbonat a ociated with pink par 
in a coarsely crystalline gray dolomite (!!l·ay par) or in Boone chert. A 
li ttle of the ori"'inal ro ·in .inck occur dis ·eminated in ¥1-in.ch grain. in the 
gray spar. A p culiar feature of the mineralogy of this mine is the: large 
amount of barren conrs ly crystalline ca lcite that occurs in drusy pockets in 
the rock for 50 f et or so west of tbe monocline in the portal region of the 
tunnel. 

A second tunnel ha. been op o c1 on the ame side of the river, 30 feet above 
water, at a point 300 or 400 feet down tream. It i driven 120 feet on a 
fracture running ~. 19• E. but is barren. 

Lama1·.- Thi mine is in the W1,4NWlf~ sec. 33, T. 15 N., R. 22 W., on the 
left slope of a hollow tributary to the Little Buffalo River f rom the left. The 
horizon i · in the Boone formation, 60 feet or so below its top. The main 
working is a tunnel 120 feet in length driven, toward its frout, on a poorly 
developed watercourse that m ns N. 25• W. The watercour e follows an ob­
scure fracture and is fill ed with clay. Toward its rear the tunnel swings 
more to the west, and the fracture becomes still more ob cure. Ju t within 
the portal a shaft goes down to a deptll of 40 feet or so, dipping 75• or so• E., 
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along the watercourse. Another haft has been . unk on the exten ivn of tile 
fracture fr om a point 60 feet high er on the hill, but whether mineral was 
truck in this ha ft i: not lmown. A tuun l on the sam run between the 

main low r tunnel and thi upp r haft i aved. 
Th - re wil bin the main tunn I i zinc carbonate in variou form . One 

type i browni h and cru ty and may contRin pc ·k of malachite. Another 
type, dev loped paringly , i. ompos d of gray con entric h ll or plate , 
resembling pine bark . A third type ha replaced the pink spar that accom­
panied original jack along the f 1·acture. 

The dump in f ront of the mine how , in addition to th mineral menli ned , 
·orne zinc s ilicate a nd "'nlena, the latter in cry tals averaging bet''' en one­

fourth and one-half inch. 

UPPER CAVE CREEK Dl TRICT 

The upper Cave reek district i in Newton County, about 6 or 
8 miles outh of the outhwest corner of the Yellville quadrangle. 
It i localized along a pronounced structural break, the Confederate 
fault, on the headwater of Haw Hollow, a tributary to Cave r k 
from the ea t. The ore depo it appear on minor fracture in the 
Boone formation, on the northwe t (upthrown) side of the fault. 
The ores have been chiefly zinc carbonate and lead sulphide, the 
former predonunating. AlthouO'h some of the earli t mining in 
northern Arkansas was done in this district, the greatest develop­
ment took place during the period of high price produced by the 
World War. The production of the district during this period, ac­
cording to R. F. Truitt, of St. Joe, wa about 3,100 ton o£ zinc 
carbonate and 1,200 ton. of galena. The most productive mines 
of the eli trict are the Bald Hill and onfederate. 

Bc~ld Hill.-This property lies in the SE% NE1/.1 sec. 35, T. 15 N., R. 19 W., on 
the head of one prong of Haw Hollow. about 2 mile up from Cav Creek. Most 
of the mining has been done from ha .fts on the top and . ide of a low pur 
whose surface i mantled with a thick coating of Boon chert debris, derived 
from th weathehng of t he ore-bearing bed . A d ep shaft near the south 
base of this spur is 6 feet in depth and had ju t reached ground-water level 
at that depth. 'l' he altitude of its collar i about 1,0 0 feet. 

The mineralized t1 rea is limi ted on the . outhea t by the OJJ fcd rate fault, 
which in thi re"iOn trend· about X 43o B. Tb th row on the fault increa ·c. 
from not·tbeast to ·outhwe t; at the uortlleast cntl or the fau l t egm nt that 
is adjacent to the mine· , the Boone lies again t i·be upper Fayetteville, but at 
the southwest end, opposite the deep shaft, the Boone is in contact with the 
Pitkin. The amount of the displacement caunot be determined, as it is not 
known how fa r the Bald Hill ores lie below the top of th Bo n . The mini­
mum di plac mcut oppcsite the deep ·haft i · esti mated to be about 250 or 300 
feet. 

Tbe de,·elopecl ore farthest f t·om the fau lt, includin" that on adjacent prop­
e rt ies nort ll of the Baltl Hill min e, lie.· about 800 feet northwe:t of t he fault. 

The beclclin u of the Boone, as nea rly a· cn n be j udge<! from report: on the 
mining developments, is nea rly horizontal; the Pitl;in opposite the deep ·haft 
dips 20° 
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'l'he ore clepo. its o · ·ur along minor f racture that, as a rule, trike about 
N. 10 • \\'. One of t!Je mo t procl u ·ti1·e runs, how ver (fra cture d, fig. 11), 
showed a trike of . : 5• \V ., and lbe run on t ile lowest Je,·el of the deep 
haft in J'rac:lur a trended ea t-we. t. T he we ternmost f ractur from whicll 

ore ha been mined at Ba ld HiJl (b, fig. 11) how , in a d ri ft on one of the 
ore le,·e lf', a ,-et·tical el i. placement of 2 fe<'t, clow n on the en. t . The ver tical 
component, boweYet·, i · small cotnpare<l to the horizontal one, to judge from 
the low angl e at which the flutings of th slicl;en ·ide, expo ' e<l on the west 
wall of the drift, clip to the nor th. The east wa ll of the fau lt thu moved 
down a nd to t·he nort ll relat iYe to the west " ·a ll. It i probable tllat ome or 
all of the other fractures that ca rry ore at Balcl HUI bow ompa rable dis-
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F1 0 ' lt.EJ 11.-Sk tcb map. more or Jess cliagra.mm.atic, o( tbe fra cture. nlong tbe ore runs 
at Bald ITill. (Sec text .) 

placem nt , but no others were -xpo eel for observation at t !Je tim e that the 
p t·operty wa · vi itecl. \[o t of thc,.;e fractu re.' are mark<'ll b~· r.one of 
verti ca l ·b cling iu tbe c·llcrt bed~'< whi(·h lhey cut. Such . lh ctccl zone show 
a supe rior re ·is tnnce to w atil ering and tend to tand out on til weathered 
surfac of the Boone. Accordincr to R. F. '£ruitt, of St. J oe, pro pecting has 
b n control! d larg ly by the ·e >; heetcd . iii ·eous reef .. 

Ore at Bald Hill bu been fo und at fh · s pal'8te level . Ea h le,·el, except 
the fifth , is c1 velop d in lime tone and i. capp d by chert. Tbe fifth and 
lowe t le1• 1 i in sba tter d ch rt. Th hi" hest le,·el, from wbi b most of the 
produ ction hAs come, lies from 45 to 50 feet below the top 0f the hill and 
would outcrop on th side· of the hill were it not for the thick concea ling 
manti o.f Boone cbert d l>ri ·. All t·!Je fmcturt·s r rotlueed ore at thi horizon 
except a, who e lnter. ·ection with th e horizou in que ·tion has b en removed 
by ero ·Lon. 'This upper ore I ,-el was wor ked fro m shafts on the top and ;;:JdC's 
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of the bill ; f rom the foot of each shaft drift were rnn nor th nnd outh a long 
tbe ore bodie , in place to the Nra s roots. 

The ore taken from the uppe r I Yel were lend sulph ille, lead carbonat , 
and zinc ca rbonate. In general the lead sulphide and zinc ca rbonate were 
mixed together, but in fra cture d the lead la y above the zinc, the ore run 
being 10 or 12 f et high. Fra ture c proclu · d only the carbonates of zinc 
and lead on the upper I " I. At the ·outh end, where the ore Jay close to 
the surface, it on isted of a high-!!rade cry ta lline "rice f!rain" lead ca r­
bonate. Farther north, where the ore was more deeply bnril'cl under the top 
of the hill , it consisted largely of a peculi a r sheeted zinc ca rbonat called 
"pine bar!' ore" by the miner in a llusion to a fancied re ewblance to pine 
bark. Thi ore n-a YCIT friable, and mo t of it " ·ns !"ho,·elcrl out, like sand. 

The upper level wa s cha r acteri zerl by a peculiar soft brown feltlike aggregate 
of fine quartz crystals that is defi nitely an alteration prod uct of the original 
limestone. 'l'his quar tz is a coar er Ya riety than n ual of the jn peroid chert 
that has replaced the li mestone in northern Arkansns ore deposits; the residual 
part of the limestone in which i t was developed hns been lea bed out. In 
places this fe lty qua rtz carried a little ga lena. 

The second level, about 40 feet below the first, has been worked only the 
length of a 125-foot drift in f rach1re b. Its production was mainly free zinc 
carbonate. The run of ore pinch d down at tb bacl' to the point where it could 
no longer be profitably worl,ecl, al though the fa ulted fracture on which it was 
developed still persist . 

The third level wa worked from the deep shaft on ft'acture a, 45 feet or , o 
below the colla r and about 40 feet below the second 1 ,·el. Northward the run 
of ore was fo llowed fo r about 0 fee t, beyond which it b amc too low grade to 
follow farther. Southward it was worked to the surfatc in the bed of the 
hollow, about 150 feet from the shaft. Ore from thi s leYcl was mainly z inc 
carbonate mixed with some lead ul phide. 

The four th !eYe! lies bern·een 60 and 75 fee t belo\Y t be colla r in the deep shaft. 
The ore i mo tly lead sulphide with a li ttle zinc a rbonate, embedded in clay 
carrying some rc idual fl int. Tbi · level has not been developed. 

The fifth and lowe t le,·el li e~ at the bottom of the cl p shaft. The ore on 
this level ran we. t for 40 feet, then south for 50 to GO fee t. It is cle,·elope<l in 
shattered chert and yielded maLnly free zinc carbonate. 

No prespecting has e,·er been done below the first level- on f racture c, 
d, and e. 

The cross-sectional dimens ions of the different 1·uns, a might be expected, 
were variable. The run on the third level (fracture c~) was. 6 to 10 feet wide 
and about 10 feet high. The run on the. econd level decrea ed from 10 feet in 
width and 20 fee t in heigh t at the f ron t of the drift to 1% feet in width and 
10 feet in height at the back. The ru n on fra cture cl of the top Ie,·el ,,-as 
eb'P,Cctall'y wide a ncl rich. It was wider a t the top, where i t ca rtied galena, 
than at the bottom, where i t carried smithsonite. The width ranged from 10 
to 30 feet and a\·eraged perhaps 20 feet; the heigh t wa s 10 to 12 feet. The 
run on fracture e increa ed in one place to 30 feet in width aud 20 feet in 
height ; this was in lead carbonate. Tbe other runs on t lie top level were 
smaller. 

The only primary or e at Bald Hill occurs in the fl oor of the fifth level. A 
6-foot exploratory shaft was sunk in th e floor nea r th southernmost worl,ings 
on the level, and material from this shaft was studi ed on the dump by the 
\vrlter. The gangu e rock is a coar e gray dolomite accompanied by considerable 
pink spar and carrying unaltered f ragments of origi11a l Boone chert. The 
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dolomite and p lnk spar have \7 ery plainly replaced the -otigimtl ;Jimestone. The 
primary ore m inerals are galena and rosin jack. AC<Jording .to R. .F . Truitt. 
the ga lena was above the jack but this was determined f:rom :a very shallow 
cut (6 feet) and is Yery possibly due to removal of the jack .f 1·om :the vecy top 
of the primary ore by leachin"'; still, the two minerals were :nowhere observed 
by the writer in the arne ha nd specimen. The galena occur-s in the pink spar 
and, according to l\Ir. Truitt, was also dis eminated in the dolomite. In some of 
the rock remo,-ed, the indiYidual masses of galena reached 3 or 4 inches in 
diameter; the a Yerage . ize, however , is less than a n inch. In contmst to the 
galena , the jack occur in Yery fine gra ins, thickly disseminated in .the dolomite. 
Chalcopyrite occur in very small quantitie in the primary ore. 

That other types of p rimary ore may have formerly been pre ent is-suggested 
by the occurrcnc of p ink par and galena in f ractured prima.ry ehert •in .a speci­
men picked up f rom the dump at the south end of f racture a. U'he galena 
in the felty quartz of the upper level has already been mentioned 1n tbe 
d iscus ion of that level. 

Ore was fit" t m ined at Bald Hill in 1876 a nd 1 77 by tbe Bo ton Mountain 
!\lining Co. During this periotl a n unknown amount of lead wa taken from the 
nortbernmc, t haft on f racture b, reduced in a littLe smelter on Cave Creek 
at the moutil or H a w H ollow, and haul ed by ox team to Rus ellville for 
shipm nt. The grea test de,·,elopment of the prope;rty took place during the 
period or high prices protluced by the World Wa r, but as the property pos­
se sed no m ill, a ll the ore mark ted at thi time wa free or . A small mill 
w.as put up in 1925 and f rom 100 to FO tons of concentra te was miUed a.nd 
shipped from the mill di r t tal<,en out earlier wi th th free carbonate. All 
of t he d Yelopment a t Bald Hill ha been ca rried on by very primiti\·e methods. 
Th cl rillin"' was d ne by hand drill an<'! the hoi ting by windlasses operated 
by ma n l1 \Yer. '.r l1c ore produced during the Ia t period of activity was hauled 
by team to Piml:\1 1, on the Missouri & orth • rkansas Railway, 15 miles .to 
the nor t h. 

Record of production during the boom period have been lost. Mr. Truitt 
estimates t11at the total production during this period for the Bald Hill t ract 
was about 3,500 tons. Tb,e ore averaged about on e-fourth lead o1·e and three-­
fourths zinc ore by weight. 

Bie-rb(IIUm.-This mine i in the NEJ4NEl1/~ .sec. 35, T. 15 · ., 1R. 19 W., 
across the head of a hollow ancl 500 to 600 f eet ·north of t he Bald Hill workings. 
It prod uced about 130 ton of lead sulphide from a l eYel that -a ppears to be 
the same a the upper one at Bald' Hill. This property •was worked from a 
shaft. 

Confec/era.te.- 'l'he Confederate mine is three-quarter of a mile southwest 
of the Bald Hill , in the SE1/~ SWJ4 sec. 35, T. it5 N., R. 19 W., on a low point 
between two headwater forks of Haw Hollow, at an ;altitude ·Of 9 5 feet 'It 
is in essentiu lly horizontal Boone lim,estone and dhett beds, a bout 500 feet 
west of the Confederate f a ul t. The fault in thi Degion :is •rather lhud to 
locate precisely, ou a count of the low r lief n a r the drainage head, bnt lt 
has ·wung from the N. 43° E. course at the Bald Hi.bl llract to .a .course that 
is abou t •. 15° E. Oppo. ite the Confedera~e mine Pitkin limestone has beeJa 

- thrown agains t the Boone. The throw 1ucreases to the mortheast ·SO that a 
black ·hale overlying the Pitkin is in cont.act ;vilth the Boone. 

The working f rom which the commercial ·production ha come consist .of 
a s rie · of sha fts nloug a belt 20 to 25 feet wicle and about 200 feet long, bea;r­
ing . 10• W. The ore runs were wor:ked f ron..' lateral drifts a long this belt. 
mainl y ut a depth of about 40 feet. The main Sh!llft at •the .north ·end of 
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the group wa worked for lead by llw onfc<lerate for c · in 1 (H. Iu 1 76 
and 1 77 this shaft wa extended to a repor ted depth or 160 Jeet l!y the 
Bo ton Mountain i\lining o., and drifts were run on one or mor,e I vel , but 
mainly on tile 40-foot leYel, ou th e or run indicated by the line of later 
shaft . Til ori<>inal ·h.aft i reported to have arried lead to the Yery bottom. 
Thi ore was r cl uced in a mull .·metter at tilt' mouth of Raw Tiollo1>•, and 
the pig lead wa · hauled by ox team to Rus eliYiiJ . ·on,e of the later haft 
were more than 50 fe t in depth. An elaborate mill ,..,,a er ected during the 
World War period a.· part of a big promotion cbeme hut was later torn clown. 

Th re minerals at the C n( <1 r:~te are ·hiefi y ga lena, . mi tb ·onite, and 
rosin ja -.:k. 'l'he "'.a lena occur eitl1er in clay or in earns in primary chert; 
it is accompauied by pyromorphite rai ns. 1\fo t of the mitl1 onite is of a gr ay 
opaque rock-lik type that may have replaced tlolomite or lime tone. rldi­
tional e1·it1 nee ugge.·· tiYe of the ame thing i the <leve l pment of the o-ray­
rock carbonate as a cementing matrix for fragments of he primary chert. 
The jack, ac ·ording to R. F. 'l'ru itt. occurred mainly in fiue grain. · Oi seminated 
in dolomit (limestone?). In aclclition some of it appear. in tine grains di -
.seminated in black-banded ja ·peroid that h.a · very plainly replaced the 
criginal lime tone. All of the jack i r,eporte to have come from the bottom 
of the ld Confederate shaft. ome of the zinc carbonate Oll the dump shows 
a littl e o-re u malachite tain, indicatin" a trace of copper in the primary ore. 
A littl pin l' pa r lying loo ·e on the <lump shows that thi gungne was 
developed with the primary ore. 

The commercial ore were lead ulphi cle nncl ziu ca rbonate. Duri11g the 
period of activity indu<:ed by the high prices prevailin "' in the earlier tage 
of the World \Ynr, an estimated production of about 400 tons of zinc carbonate 
and 150 ton· of lead ulphlde wa made from thi · t<·act. Part of the zinc 
carbonate, in the free form, bad been piled out at the time the Old onfederate 
shaft wa worked for lead during th e day of the no. ton Mountain l\linlng Co. 
The ore wa hauled by wagon to Pindall, the nea r st hippin"' poin t, 16 miles 
to the north. 

Ragged Breeohes.-Thi mine is in the NWlJ~oNW14 sec. 2, T. 14 1., R. 10 
W. The haft was sunk in a fa irly flat area well aboYe drainage level to a 
r eported depth of 40 feet. It is now caved in. Thi · mine i in the Boone on 
the northwest side of the Confederate fault. During the World War it produced 
about 20 tons (another statement says 70 tons) of free zi.nc carbonate and 
about 15 tons of lead ulphide. The ca rbonate rem.aining on the dump i ma.inly 
of the dry-bone and "rock" types, but a little crystalline (botryoidal) ore is 
present. 

Lost Momttain.-Thi mine is in :sec. 3 T. 14 N., R. 19 W., Oll the ridge of a 
low divide between two prong of Haw Hollow. It i in the Boone formation, 
and the ore produced was mixed with flint. l\lining wa · done from a l.laft 
probably 25 or 30 feet deep; drifting from the foot of the ·baft wa. confined 
to a ·mall rad.iu . The production during th World War period wa abou t 
40 ton: of free zin · carbonate and 15 tons of lead ulphide, the latter havin rr 
been hand-jigged on the ground. The ca rbonnte wa · noleworthy on account 
of it occmT nee in lJearl-gray botryoidal mas>;e · (" ·ry talliz cl carbonate" ) 
-of extt·emc t)nrity, a: much as 300 pounds in weight. Some of the ca rbonate is 
r eported t ha Ye I een turkey fat. 

Turlcey J<'a i .- This prospect i in sec. 3, T. 14 N., R 19 W. , ju t a TO a 
smaU holl w we:t of the Lo t 1\fount·a in mine. Tbe deYelopment eonsi ·t ";)f 
a small open uc in the Boone fo rmation on the . ide. of the hill. It is reported 
to haYe produced :omewhat le s than a carload (40 tons ) of zinc carbonate, 
a large part of which was turkey fat. 
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MOUNT HERSEY-LOWER CAVE CREEK DISTRICT 

The Mount Hersey-lower Cave Creek district lies in northeastern 
Newton ounty. The depo its occur in medium- and fin e-grained 
dolomites in the Everton formation . The ore minerals are jack 
and zinc carbonate, occurring eparately or mixed in the different 
depo. its. The production from the district is known to have been 
about 250 tons (100 tons jack) but may have been somewhat greater. 

Old Granby.-Working n thi · property be"'an as early a J 75, when the 
Old Granby Mining Co. fir t put down a ·haft. The property is in a field on 
the slopin"' dinde between Da1·i Creek and l\Iill Branch, 700 to 800 feet north 
of l\Iount Her· y, in the N \\ 1,4 · c. 25, T. 16 '·· R. 19 W. The worl,ings con­
si t of five or six old shaft , now cavec1, trun" out in a rou "'hly ea. t-we t line 
about 300 feet long. 'rhey a re reported to have been 40 or 50 feet deep, 
but the ore ''':.l taken from a horillon above Uleir I ottom ·. The haft collars 
a re in the E1·erton formation, about 100 feet above its ba . The ore i gray 
cry talline a1:d <Tu:t.r zin · cnrbonnte, a >: socintecl with ·ome pink . par, in 
shatter era ks in a mecl ium -grainecl dolomit f the E1·erton formation. The 
production of the I rop rt.v i · r porte<! to ha Vl' b n a bon t 150 ton · of free 
carbonate ore. 

Unnamed prosp ct.-A fairly promi:;ing rro::;pcct (name not !mown) i 50 
feet above creek level in the low bluf'f on th left ·ide of Dnvi reek, perhaps 
half a mile abo,·e Mount IIerse.r, probahl~· in the Bl4 c . 23, T. 16 N., R. 19 W. 
It lie on ly a ·liort di:;tance ll low the road up Da,·i 
a ro ·k cut. about 50 fe t long ulon "' the 
high at the back. The ore i mixed ro ·in ja k and carbonate and occur 
associated with pink . par in cracks and replacement pocket throughout the 
depth of the back fa e of the ut but m re especially in slightly br cciuted ro k 
in the lower 5 feet. 'l'h country ro k i a m eli um-grained dolomite. 'l'he 
ca rbonate is of ·ev ra1 type ; th gray to purpli h cry talline and boneyc mb 
black types ar mo t common, but t11ere is a lit tle turkey fat. ome of the 
a rbouate ha replaced pink spa r in the c1ru ·e ·. everal too of ore ha be n 

piled up in the cut, considerably mor in the caroonate pile than in the 
jack rile. 

Yonnt. - Thi. min i 50 fe t abo1·e low-water level of tb e Bufflllo River, on 
its right bank about a mile below Mount Her ey, ome eli -tance above the 
mouth of Ca.v r ek. The workin con i t of two or three open cut OYer a 
distance of 200 feet, th e larg t one at the north being 50 or GO feet long along 
the contour and 10 f et hi gh at the back; a drift (now caved) from the ba k 
end of the main open cut; anti a second drift, 50 fe t long, in practicall y 
barr n rock, 20 feet below the maiu workings. 'l'he horizon i near the ba e 
of th Everton formation. The ore on the p roducth·e le1·e1 i · mix cl ro ·in jack 
and ·:nbonnt , the latt ,. pr lominating, ru1cl occur· in 11 sociation wi th pink 
pa r in cra ck in a medium-grained dolomite. The carbonate i · la rge l.v of the 

g ray cry ·ta lline t~· pe, but there i al o con iclerable t·u ~ ty black carbonate 
ca l'l',,·ing a trac oC malachite. 'l'he dol omite i overlnin hy a 1-foot sandstone 
ledge and uuderlniu by G 1'eet of quartzitic sand-tone. 'l'he lo\\·e r barr n level 
i in fine-gnti netl dolomite. 

Several ton · of fa irly ~ood mill ca rbonate i. ta keel on the clu mp. T he mill, 
ere ·ted in til bluff below the level of the main workin g:, is now in ruin '·. 

BPlle of ·wiohita.-'l'he 011e11 ing on thi · pr petty is a short cun·ed tunnel. 
probably no more than 200 Jet lon", lriYen into th I ft hank of' a s!llnll 
hollow that run into ave Creek from th ea ·t in tile 1\\V l,4 scL·. 12. T. lii X .. 
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R. 19 W. The t11nnel is 500 feet above the mouth of the hollow. It was full 
of water at the time i t was vi ited. The horizon i in the Ever ton formation 
about 150 feet below the St. Peter sandstone. 'rhe ore fills shatter cracks in 
a fine- to medium-grained but roo tly fine-grained sandy dolomite that grades 
above into dolomitic sandstone. The ore mineral is rosin jack with or without 
accompanying pink par and minor amounts of calcite. A little pyrite o ·curs 
in the country rock adjacent to the mineralized crack . Probably 100 tons of 
jack was milled on the property before 190 . The mill has since b en com­
pletely destroyed. 

HLL CREEK DI TRI T 

The valley of Mill Creek, which is a branch of the Buffalo River 
heading a couple of miles north of Wilcock on contains two mines, 
the Marble City and Canton, both of which are reported to have 
produced ore from the Everton formation. Only the Canton was 
visited by the writer , and the reader is referred to Branner' report 
for a description of the Marble City. 

001nt.on.-The Canton mine is on the left bank of Mill r ek in the SEJA, sec. 
6, T . 16 r., R. 20 W., half a mile above the junction of the cr k with the 
Buffalo TI!I·er. The open ing nrc everal op n cuts and hallO\Y ·haft made 
almost at creek level. Bed ro k does not crop out in the immediate vi in ity, 
but the horizon appears to be in the Everton formation a short dislanc below 
the Newton andstone. The ore i · ro in jack, a ociated with a little pink 
par, and occurs di eminated boU1 iu saud tone and in a andy gray par 

(coarse gray dolomite). A trace of cha lcopyrite i as ·o iatcd with the jack, 
and zinc carbonate has formed to a minor xtent a · an oxidation product. 
It is reported that everal carloads of jack concentrates have been shipped 
from this property. 

DAVIS CREEK-ll RRICANE BRANCH DISTRICT 

Two very productive mines, the Spier and Big Hurricane, are 
located on the St. Joe fault in northea tern Newton County and 
northwestern Searcy County re pectively. At each of these mines 
the fault has a displacement that is near 150 feet- and brings the 
Boone into contact with the Everton formation. The known pro­
duction of the district has been around 8,450 tons of zinc carbonate 
and silicate concentrates, the greater part of which was milled be­
tween 1914 and 1918. 

Spier.-This mine is in the NEI4 .·ec. 9, T. 16 '., R. 19 W., on the left bank 
of a hollow a few hundred feet above (we t of) its junction with Davis 
Creek. It i located on the St. J oe fau lt, which bas brought rocks of the 
Everton formation on the north into conta t with tho e of the Boone on the 
. outh. The developments consist of a hu"'e open pit, 75 feet wide, 150 feet 
long (along the fault), and 50 feet deep; a shaft, extended from the bottom 
of the pit an additional 90 feet; and a second ·haft (now caved) that goe 
down on the outh side of the pit to a reported depth of 80 or 90 feet, from the 
bottom of which a drift 60 or 70 feet long extends into the rock under the pit. 
It is reported that a heavy flow of water was a serious problem in the exploi­
tation of the mine at tlle e lower depth·. Wat r at pre ent fi ll the lower 
10 feet of the open pit. 
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The ore is zinc silicate in the upper levels but gi>es way to rosin jack 
below. It occurs embedded in the mat rix of the fault breccia. This matrix, 
in fre h specimens that carry jack, i a clayey fine- to coarse-grained dolomite 
that may be sandy in places, especially toward the EYerton side of the fault 
zone. Its composition and texture are streaky in detail. l·ugs lined by pink 
spar are not uncommon in it. The jack occur as small disseminated crystals 
and al o in larger pockets and eros cutting Yeinlet , associated with the pink 
spar and occasionally with a little ca lcite and a trace of chalcopyri te. In the 
oxidized portion of the mine the dolomite and jack have been leached out, 
leaving only the porous spon y clay, with the silicate developed in the pores. 
The fragm ent of Boone chert in the breccia attain 2 fee t in maximum size 
but are generally much smaller. In addition to fragmen ts from the Boone 
and Everton, small flake of laminated black shale of uncertain origin and 
also cattered blocks of quartzite, containing blackish "worm-bor d" phos­
phatic pebble· of the type that characterizes the ba a! Boone, are present. 
Most of the fra gment are not mineralized, but some of tho e composed of 
sandstone carry a little fin ely disseminated jack, or replacement blebs of pink 
spar . The Spier mine is repor ted to have produced about 1,000 tons of con­
centrates in 1914-16. There wa , however, earlier production amounting to 
several carloads (1 carload = about 35 tons), part or all of which was made 
before 1905. 

B ·ig H twricane.-Tbis mine, the most prod uctil-e in northern .Arkansa , is 
located directly on the St. Joe fa ul t in the head of Hurricane Branch, In ec. 7, 
1.'. 16 N., R. 18 W. The fault here throws the Boone formation down on the 
outh unti l l t is in contact with the top of th Everton form11tiou . The throw 

on the fault is around 150 feet. The opening i a huge open cut ("'lory bole), 
about SOO fe t long in au ea. t- \Ye t dir ctiou, 20 to 60 feet wide, and originally 
60 to 70 feet deep, though the bottom ba been filled in 25 or 30 fee t ince work 
cea ed . The depth given i along the north wall; the south wall, which ha cut 
back into the bill, is about 35 feet higher. The cut is made directly in the bed 
of the hollow, lengthwi e of it cour:e, and while it i · n ur t he dra inage head, 
con lderable trouble was exp ri uced during the working f rom filling in by wash 
durin"' fl ood . 1o t of the ore wa. taken f rom a narrow zone along the north 
wall, nea t· the line of t he fa ult, aucl the last heading was on thi line, going 
we t. .After a ra ther e\·er wa h-in during the latest period of development, a 
haft was put down at th w ·t nd throu"'h the and and gravel to re-reach 

the beading, and some work wa · extend d underground. 
The top 20 feet of the north wall i form d by the lower part of the St. Peter 

sandstone. The beds of th underlying Everton formation con ist of inter­
bedded limestone, sandstone, medium-grained dolomite, and greenish-blue shale 
(one 6-inch seam). The rock in this wall are remarkably unat!ected either 
by the movement along the faul t or by the mineraliziug solutions. Some of the 
sandstone and lime tone beds, however, Jawe been replaced by pink spar and 
gray spar over parts of their outcrop , although there has been no zinc miner­
alization. '.rlle llmestone of the Boone in the outh wall has been shattered and 
·bows a dip of 10• to 15• into the wall. Fairl~' large masses of pink spar have 
replaced the limestone on thi. . ide; rna ·es of gray spar are les common and 
apparently are nearer to the mineralized area. The two types of coarsely 
crystalline dolomite may be intermottled. .Although the main mineralization 
occurred along the fault, some ore was found a short distance back, in the 
shattered Boone limestone, but none of it is exposed at present. 

The ore i chiefly zinc carbonate, but there is some silicate, and finely dissem­
luat d jack is reported to have occnt-r d toward the ea t end of the workings. 

69371-!35--12 
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Most of the zinc ca rbonate is aid to have been cry. talline, but much of it, as 
well as the silica te, i a drab or bro\\'n dry-bone type. om f the carbonate is 
developed a a drab rep lacement prod uct of th matrix of the fault b1 ccia . 
The silicate i r eported to have occur red chi efly at th surface, wi th "the ca r­
bonate f a rlh r under cover. 

The ore occurs in a matrix of the fault brec ·in. In lc · a llered fra~mcut , 
such a are reported to have carried the jack a nd mu h of the cal'bonate, this 
matrix is a clayey dolomite that appea rs to be irregularly cherty. It contains, 
in addition to theca t of di minu ted jacl<, irr "'Ular r eplacem nt e"'reaations 
of pink par. Other types of the mntrix fil)llCa r to be more cher ty. In much of 
the surface materia l at the we t end of the pi t the matrix i a oft drab claylike 
materia l that contain , in addition to the ore, catt red ca.t · of dol mile, of 
about pinhead s iz or a li ttle larger. nder the mi ro ·ope the mntrix i · sc n to 
be compo eel of clay (beidelli te) ancl minutely ny;;tnll ine quartz of th ja ·peroid 
type. It is npparently residual f rom the weathering of an nrlier chert or 
cherty dolomite. 

R ecords of the arl~· ou tput of the Bier Hunicanc mine a r incompl te, bu t 
from 1903 to 1905 the prod uct ion is r ported to ha ve been around 2.000 ton· 
of concentrates. ch ie fl y zinc carbona te; for 1907, 400 tons or n1ore is reported ; 
a nd for 190 , 525, ton . T he prod uction during th World W a r , according to 
r ecord l<ept by R. W. Willett (1915) and by t he J . '. hephcnl :Minin cr o., wa 
a fo llows, in tons of concentr ate : 

1915-------------------- -------------------------------- - 50 
1016----------------------------------------------------- 1 ,3~0 1917 __________________________ ________________________ ___ 3,0 1 

1918----- ------------------------ -------------------- ---- 52 

4.513 

This makes the repor ted total (1903-1 ) abou t 7,450 tons, which, except 
for the production in 1906, proba bly r pre ·eut · nearly the true total. An aver­
age as ·ay of concentrates, according to the books of the J. C. Shepherd Co., 
shows 39 percent of zinc, 0. 5 percent of . ulphur, aJ)d 0.139 pe r ent of cadmium. 
The mill, which wa one of the large t a nd mo t efllcient in the northern 
Arkansas field, made an average recovery of concentrate during 1917 of 13 
percent This mill i at pre. ent rapidly going to ruin. 

ST. JOE DISTRICT 

The mines and prospects in the St. Joe di trict, in northern Searcy 
County, are all related to the St. Joe and Tomahawk faults . The 
ores are in shattered Everton dolomite and andstone on the north 
or upthrown side of the fault·. The di. placement on the St. Joe 
fault where it crosses Monkey Rtm is about 230 feet, and that on the 
Tomahawk fault at the Davy Crockett prospect is about 700 feet. 
The ore minerals of this district are jack and zinc carbonate, but all 
of the ore shipped has been jack The known production of the 
district has been about 1 0 tons of concentrates, chiefly jack. 

Gani n .-Tliis prospect i on the east ide of Mon key Run, 20 feet above t~ 
bottom of the hollow, in the northeast corner of ·ec. 1 , T. 16 N .. R. 17 W. An 
old shaft, now caYed, " ·as un lr in 1 87 directly on the St. .Joe fault, to water 
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level at a depth of 20 feet. The north side of the fault here shows shatt red 
and brecciated Everton dolomite and sandstone; the south side . bows br cciated 
Pla ttin limestone. The ore is in the Everton and consi. ts of zinc carbona te 
associated with pink spar filling cracks adjacent to the fault breccia bu t tend­
in"" to avoid the breccia pr oper. The ore occurs in medium-grained gr>1y dolo­
mite, sandy dolomi te, and dolomitic sand ·tone. 

Dak.-This prospect i on top of the hill ea t of the Garvin pro pect, in 
the nor thwe t corner of section 17, T. 16 N., R. 17 W. A haft, n w caved, 
was s unk in 1 7 directly on the St. Joe fa ult, to a depth of 90 feet. The 
shaft ha Everton dolomite on one side and Boone chert on the oth r ; mo t 
of the development work in the shaft was in the Everton, with the bard 
quar tzi t ic fa ult breccia a ppearin"" a long the outh \Yall. The . haft, acco rding 
to repor ts, showed zinc ca rbonate all the way clown, orne of it in block as 
large a 50 pounds. The carbonate i of a gray cry tall ine type, some of it be ing 
honeycomb. At the very bottom of the shaf t the workings went from carbonate 
into jack. The ore on the dump hoisted from this level shows rosin jack 
as ociated with pink spar in sandy gray dolomite. 

East of the Dale shaft, along the St. Joe fault, a few other small openings 
show a little zinc carbonate. 

The St. J oe fault just east of the Dale shaft is marked by a resistant iliceous 
reef that stands out on the erosion surface. The reef is composed largely of 
quartzite U1at has been broken up and recemented. It shows a few pockets 
of opaque drab to wbi ti h chert that may carry a few jack casts. 

E:xceLS'iOI·.-Tbis mine has been more e::-.."tensively developed than any other in 
the t. J oe district. It is situated on the ste p hillside ea t of Monkey Run, 
about 200 feet north of the St. J oe fault, in the southea t corner of ection 7, 
T. 16 N., R. 17 W. The or i in the Everton formation and has been developed 
ov r a vertical interval of 80 fee t , betv1•een 160 and 240 feet below the ba e of 
the St. Peter. The main ore run parallels the St. Joe fault and is appa rently 
localized on a minor f racture. On both sides of the fracture th wall rock, 
which con ists of medium-grained gray dolomite and dolomitic sandstone, bas 
l.Jeen ·battered and mineralized foL· varying distances. On the north side the 
rock removed in making the cut for the mill location was mineralized for a 
distance of 50 fee t f rom the main run, and this rock, though of low grade, was 
neverthele rich enough to run through the mill. Most of the ore now exposed 
on the face of this cut lies in small discontinuou veinlets parallel to the main 
ore run, but some of it is in horizontal or diagonal veinlets, and some shows 
a tendency to be dis eminatecl, appa rently by replacement of the country rock. 

The development consi t of two hafts on the main ore run, the west one, 50 
feet ci ep, at 1m altitucl of 40 feet, and the east one, 70 fee t away and 65 fee t 
deep, a t an altitude of 70 feet. The west shaft bowed the ore run to be 4 
fe t wide at the urface but 20 feet wide at the bottom. The mine is well 
equipped wi th a mill and machinery t h<lt are bein f:" kept up omcwhat better 
than tho. e at most of the icll mine of tb northe rn Arka nsa · fi eld. 

The ore mineral are jack and zinc ca rbona te. Jack prevail in tbe open cut 
in which the mill i erected, even to th surface, and also in the main run below 
the 20-foot lev 1 in the west shaft. It is rosin-colored , with a uggestion towru·d 
red (ruby jack ). The carbonate occurs in the main lead to a depth of 20 feet 
in the west shaft. It is a h igh-grade crysta!Une mineral of a fi e h-gray colo r. 
Both of the or minerals are as ociated with pink spar, and here and there a 
little colorless cal ·ite appears as a late primary crystallization . A very li tt le 
chalcopyrite, in cry tals U1e ·ize of pin heads, is a sociated with the jack an d 
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pink spar, and pyrite occurs ra ther paringly in the country rock adjacent to 
the upper shaft. 

This mine has produced about 140 tons of concentrates, mo tly jack, which 
ran 58 to 62 percent in metallic content. 

Two prospect holes have been drilled north of the Bxcelsior run. The first 
is 100 feet north of the upper Excelsior shaft, and at the same leYel. Its 
depth is 17G feet, ami. it is reported to have shown jack over an interval 
of 107 feet, between 56 and 163 feet from the su rface. The second hole was 
sunk f rom the same level a tlle fir t bu t 100 feet farther north. It went 
in to jack ore at 42 feet 1md showed ore to the bottom, at a depth of 84 feet. 
A shaft unk 011 this urill hole i reported to h:we ju t reached the ore wh n 
work had to be di continued for lack of the n ccs ary capital to develop 
further. 'l'he ore exposed on the dump shows jack a ociated with pink spar 
and fine dru y quartz in a medium-grained gray dolomite country rock. Some 
of the jack i in well-form ed 7S-inch crystals in open druses; some of lt 
is also diss minatecl, wi thout gangue, in the dolomite. 

An intere t ing old watercourse, lon" aba ndoned, app :us in this last shaft, 
ju t ab0\7 e the ore. lt i 10 feet deep and at lea t 20 feet wide. Most of the 
pebble in i t are Boone chert, many or th m much water-worn. 

Carnpbell.- Tbi s prospe t i · 011 the ea t slope of the main branch of Monk y 
Run about half a mile above the Excelsior, in the E lfl ec. 7, T . 16 J., R. 17 
W. The altitude of the shaft collar, which i. 50 feet above the bed of the 
hollow, is around 940 feet. The geologic horizon is in the Everton formation 
about 100 feet be low the top. The d ,·elopm ut ton i ts of a 50-foot ba ft unk 
on a minor east-we t break, the ex 1ct di placew nt of which was not deter­
mined. 'l'he break i exposed in the creek becl below, and its position i marked 
on the slope 11ear the ·llaft by a quartzitic reef, the presence of which led to 
the sinking of the shaft. Ore wa present in the shaft from top to bottom but 
avoided the quartzite that forms the south wall of the shaft. 

The dominant ore mineral is jack, associated with pink spar and fine dru y 
quartz in small irregular Yeinlets. ome of the jack and pink spar appear as 
well-formed crystal in druses. A little of the jack is disseminated in the dolo­
mite. The ja<:k is dominantly ro in-colored, but certain blotches are black 
(greenish in t ran ·mitted light), anrl other·s are lemon-colored. Near the sur­
face the jack ltas been altered to carbonate. Pyrite is present but is spotty in 
distribution. 'l'he co untry rock is mainly medium-grained gray dolomite, . orne 
of which is andy, but a little of the ore i in qnartzitic sandstone. 

ROQII'ing HoUow.-This prospect con ists of two or three small open cuts, at 
an altitude of 860 feet, in and ju t above the creek bed of Roaring Hollow, in 
the SE1,4, sec. 8, T. 16 N., R. 17 W. '.rhe openings are in the Everton forma­
tion, about 400 feet north of the St. Joe fa ult. The rocks in the immediate 
vicinity show some contortion and brecciation, but the beds exposed down­
stream toward tlte .fault are undisturbed except for a low-angle tilt away 
from the fault. The rock in which the ore occurs is dolomite of varying 
appearance, from medium to rathet· fine grained dark gray, through medium­
grained gray to coarse-grained gray. A little of the ore is In quartzite. The 
ore zone Is undet·lain by limestone between the opening and the fault. The· 
ore mineral i · jack, assocla ted with abundant pink spar nncl a little chalcopy­
rite. Here nnd there it is clif<seminated in the dolomite, or even in the quartzitic · 
sandstone. .,.. 

Dwvy Crookett.- 'l'bis pt·o pect is on a tributary to Tomahawk Creek from 
the west, in t11e Nih E 14 . c. 9, T. 16 N. R. 17 W. 'l'be main working is a 
wide drift, practically at water level, that 1 enetrates 25 feet into the h!llside-
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'\ln the north side of the brru1ch. At the portal this drift merges into a ·narrow 
open cut, extending along the ide of the branch at r ight angles to the drif t 
fo r 60 or 70 feet and 15 feet high at the back. The altitude is about 885 feet. 
The country rock con:sist of a eries of Everton dolomite and . andstones at a 
horizon about 150 feet below the St. Peter sand tone led"'e. The por tal of the 
drift is just 180 feet north of the Tomahawk faul t, which here throws F ayette­
ville shale again t the E1·er ton . The throw on the fault. d irectly opposite the 
!)rospect, is about 700 feet. The ore-bearing heds bowcrer , are undisturbed 
•except for a li ttle minor shattering. Downstrenm from the prospect fo r seYeral 
hundred feet the rock expo ed in the creek bed are brecciated but carry no ore. 

The maio ore bed is a gray dolomitic quartzite about 3 feet thick that lie 
just above the floor of the worki ngs. This bed show a r icher mineraliza tion 
on the back face of the open cut than it does within the drift, apparently owing 
to the fa ·t that thi face is developed alon"' a minor f racture par< 11 l to the 
Tomahawk faul t. The ore i found in ma ll el i continuou Yerticn l and incliJ1ed 
cr·acks and locally in shattered zone that resemble breccia but that are not 
true breccias in the sense that the rock f ragments have been rota ted rela ti,·e to 
one an other . A fine-gra ined dark-gr ay dolomite, 4 feet thick, OYerlyiug the 
ma in ore bed, is mineralized to some extent. Above thi a 4-foot quartzite bed 
t hat for ms the roof of the drift nnd oYerl )-ing bed of fine-grn incd dnrk-g ray 
•dolomite a re not min ralizecl. 

The ore mineral is a ligh t-colored uniform rosin jack which nw)· or may not 
be accompanied by pink . pa r . Drusy cry ta llinc growths of pink par are 
common; those of jack are less common. Fine dru y quart?: line the walls of 
the fractures, and chalcopyrite occurs in minute crystal· on the ja k crystals 
and lc commonly on the pink- par cry tnls. A little white calcite is present. 

.\ n op n cut 25 feet long, 10 feet wide, and 15 feet deep a t the back end lies 
l 5 f t above the lower ~YO!' king nod a short eli tanc up t rea m. The wall 
rock is rather fin e-grained da.rk-grny dolomite wbi h i variAbly sandy. It 
carrie a li ttle pyrite as flue crysta l . The ore and th mod of occurrence a re 

imilar t·o tho ·e in the lower working , but owing to the ha llom1ess of the pit 
much of the original jack has been leached out or altered to carbonate. The 
ca rbonat appears as cellular black and gra~· ma. es, a fin ely botryoidal pearl­
gray (" crystalline") ma.·~e , and as flesh-colored or blue-gray c a tin" on pink 
par. 
'l'he Da,·y rockett p rospect ha ]Woduced about 40 tons of jack concentrates, 

.averag;ing about 40 per cn t of zinc. It formcrl~· had a small mill oppo ite the 
\\"Orkings. 

TOMAHAWK CREEK DI TRI T 

The drainage basin of Tomahawk Creek abo,·c the cros,· ing o£ the 
Tomahawk fault contain ev ral mine and pro pect , the mo t 
productiYe on of which ha been the Lucky Doo-. The eli trict lies 
partly in Marion County and partly in Searcy County. The depo its 
are on the north or upthrown side of the fault but with the exception 
of the Electric mine none of them are e peci a lJ . r do ·e to it. All of 
them, howev r, are within 1% mile- of eith · r the T omahawk or the 
Section 35 fault. The eli placement on the Tomahawk fault where 
it cro es the main creek is around 500 f eet ; the fault along thi · 
particular egment is split into two parts. All th e ore deposits are 
in the Everton formation , in fin e- to oarsc-grained dolomi te , dolo-
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mitic and ton and locally in thin ilicifi d lim ton e . The ores 
compri ·e jack zinc carbonat zinc ilicate and, at the Tomahawk 
copper mine malachit Th reported output of the uistri t has 
amount d to about 900 ton · of con<:entrate 550 ton · of whi ·h was 
jack. 

Lockllart.- Tbi · mine is in the li;% ec. 33, T . 17 ., R. 17 W .. on tll' outh­
we. t lope of a rounded knob on the north itle of Tomaha wk Cre'k. The mine 
a ltilude i 915 feet. The ore horizon i in tlH' EJyerton formation abou t 120 
feet below the . t. P eter and on . The open ing is n tunnel lbat goes a f w 
hund1·ed f t into the hill, but it was avecl n nr tbe portal at t h time th~ 
property \YH vi. ·it d. The ore i. chiefly well-cry tallizccl zinc ca rbonate that 
oc urs in a blanket vein where it bas altered f rom rosin j a k. The jack was 
originally dis. em inn ted in cher t and cbet·ty dolomite or el e was embcdd d, 
in :14-inch to l-inch o-r ains, in Yeins of pink pnr that occur chiefly a lon"' t it ~ 

bedd ing of these ·ame ro k typ . . , orne of the jack i till preserved. A very 
little chalcopyrite accompa nie it. The mineralized bert. wherl' :1- i rxno~ed 

nea r the portal, i on ly 1 foot thick , and the overlyin"' che rty dolomite how 
a imilar tbickne .. ·. The rest of th OY rlying ection f or 20 feet inc·lucle 
line-" rained dolomite, li mestone, and snncl tone, all barren exce1 t for the 
lower 2 f et (dol mite a nd .·and tone), whi b i cut by a few small ,·ein lets of 
pink par ca rrying a little j ack. Tbi min hi pp c1 perha11s 70 or tons of 
f ree carbonate ore during the ·world War. 

Uncl e Sam.-Thi. p rospect i at a n altitude of 50 feet, 200 fert b low th 
St. P ete r and t ne, on th north s lope of Tomahawk r t>k. probnbl.v in the 
SW % .ec. 34, T. 17 ., R. 17 W. The workings con ·i ·t of two or thrc ·mall 
open pi ts on the outcrop of a 4-foot ore-bea rin"' be<l and a ;;hullow shaft to the 
same horizon from a point higher on the hill. The ore expo. d in the cu ts 

crystalline gray zinc carbonate, with a little re idual j ack, in irregular 
r placement pockets in a med iu m-gra ined a lomite. 'J'he . haft is repor ted 
to have shown on _iderable jack. Pink pa r i associated with the ore as 
gan:me. 

Oopper.-This pro pect is located on the south s lope of 'l'omahaw l> Ore k at 
an al titude of 900 feet, in the ' WYl sec. 3, T. 16 N., R. J7 W . The opening is 
an open cut, 40 f et into the hill , _Q feet wide, and 15 fe t ueep at the back. 
The hori r.on is in the Everton formation about 70 feet below· the St. Peter . and-
tone. The ore-1 ea ring bed is a 2-foot massive dolomitic sand tone bedded in a 
erie of den ·e dolomi te a nd dolomit ic sa ndstones. Some ore i also developed 

in one of the adjacent fin e-grained dolomites. Tb ore i ro ·in jack , associated 
with a very little pink par, in haphazard crack , len es, and pocket· in the ore 
bed. The jack masses are commonly 3 or 4 inch s across and 1 in h or more 
thick. A trace of malachite a nd a li ttle calcite are present in so me of the pink­
spar dru e . Crystalline and honeycomb zinc ca rbonate a re spat·ingly developed 
from the jack. 

R ed, Zi1w.-Tbis mine li es bigb on t he south slope of Tomaha wk Creek , a t au 
a lt itude of 980 feet, in the SElfL sec. 34, T . 17 ., R. 17 W . The open ing is a 
tunnel _ about 100 feet long with ·everal bra n bes at the rea1· ncl. 'fhe ore 
occur in a thin hlanket vein in a . eries of lime,· tone~ llnd fin e- to con rse­
g ra ined do lomite , all of which a re more or less andy. The ore was originally 
jack disseminated in or s gregated in pockets along a b ddi.ng plane of a chert 
that bas replaced one of t he limestones. Pink spar is associated chiefly in the 
bedding veins or in crosscutting veinlets. The jack bas been altered a lmost 
entir ly to s ilicate, though a little of the secondary ore i ca rbona te. Tallow 
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clay bas been developed with the oxidized ores and al o along Yerti al era ks 
that cro cut the clif[erent b d. and eYillently rea b the urface. Althou"'h 3 
feet or so of the limestone may be silicified, the rich sil i ate ore bed is onfined 
to only 1 or 2 in bes at the top oC the sil icified zon . Th mine i repo rted by 
Sam Davi , of St. Joe, to have produced about 100 ton .. of f1·ec ore f rom a big 
pocket where evidently the mineralized bed increa ell abruptly in thicknes · for 
a short tretcll . 

Fullb?·ight.- Thi s property i in the N\Vlj~ ec. 35, T. 17 N., R. 17 W. One of 
Lbe prospects, at an altitude of 85 feet on the point b tween Dry Fork and the 
main Tomahawk reek, bas r vealed good or , although there i. no as urance 

. that the ore IJa . any continuity. The horizon i in tl1e Everton formation 
about 100 feet below the St. Peter andstonc. The beds dip at a gentle angle 
to the north. The ore mineral i jack a o iated with a little pink spar and fine 
drusy quartz in irregular crack in a mixeu sandstone and dolomite. Zinc ca l·­
bonate is cleveloped paringly. Til openin"' is an op n cut 30. feet long, 10 to 
15 fe t wide, and 10 feet deep at the back. About 2 ton of mill ore was lying 
on th dump when the pro pect was examined. 

A second prospect i on the right bank of a sma ll draw on tlle east ide of 
D1·y Fork, a qu11.rter of a mile up from tl1e main Tomahawk Creek, at an alti­
tude of 775 feet. The horizon i in the Everton, 200 feet below the t. Peter 
sand -tone. Two ratller large open cuts have been made into tl1e hill , but on ly 
the outl1ern one bas revealed any ore. The mineral i · jack ancl occurs with or 
without a ·ociatecl pink spnr in irregular pocket and cro utting len es in a 
fine-"'rained dolomite. The prospect i · not a promising one. 

SM1 . . ht(lll.- 'l'hii' p1·o, pect l ies in the b rl of a tributar·y to Tomnhawk t·eck, 
probabl.1· in the NE % . c . 35. T. 17 N., R 17 W . The workings consi. t of two 
or tbr e s111all open pit and an old haft, now fill ed in. The ore is jack, which 
occu r eli.. em im1t d in dolomitic andstone or el e a so iatecl with pink par 
in crack in the . andstone and in medium- to fine-grained dolomite. 

Cold Water.- Thi pro pcct is on the o-ently !>lopi n" no b tween Cold-
water H oll ow and Tonrnhnwk re k, near the center of ec. 2, 'r. 16 
R. 17 W., at an a ltitude of 7"'0 feet. 'l'he horizon is in tlJe E ,·erton formatiou 
about 100 feet b low the t. Peter san l tone. The opening i · an irregular­
shaped open pit, 100 feet long, 25 f t wide n the a ,-erage, and about 10 feet 
deep 'rhc ore-bearing zon 6 feet thick. It consi ·t of medium-«ra iu d 
gr ni h dolomite in the lower half and greenish ·and ton in th e U! per half. 
At the b1vc of tl1 dol mit som ore occur· in bert that bas el'id utly re­
placed limei"tonc, thou ' h the lime. tone is not ext)O. d. Tbe ore is mixed jack 
and ziuc carbonate, as. ocial d with pin!' p;l!·. The jack and pink spa r were 
ll 110 il d as irr gu lct r rack filling in the ore bed. and to ._ome extent al. o in 
the cavitie · in a brecciated phase of th clolomit . The carbonate, whi ch has 
ox itliz cl from the jack, appears a · thin ry ·talllile coatin 'S and pon"y black 
ma · · .·. A very li ttle finely cry talline chalcopyrite accompanie · the ore. Tbe 
pro pc ·t is reported to have marketed about GO tons oC free ca rbonate ore. 

L7Wk1J Dog (Etweka.) .-Thi ~ mine a few hundred feet up from Tomn-
bnwk 'reck on the nor th side of a hort hollow tributary f rom the east, in 
t he NEl4 ·ec. 2, 'r. 16 ., R 17 W., just south of the 1\larion- earcy County 
line. 'l'b a l ti tude i 770 feet. T he ore horizon i in the Everton formation 
50 feet below the St. Joe limestone. The opening is a tunuel, 250 feet in length, 
who ·e side-· ha ve been toped out irregu larly up to a distance of 100 feet f rom 
the centet· line of the tunnel ou the en t s ide and to el i. tance of 50 to 70 feet on 
the we t ide (fig. 12) . 
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The Lucky Dog was an important produce1· during the World! War. The 
ore is rosin jack and occur a sociatecl ~~·ith pink par in everal different type 
of rock. The mineralization was cone ntratecl in a greeni h andy bed, 172 
feet thick where undisturbed, that grad la terally and in different pa rts of 
its thiclmes to sandy lime tone. Wherever mineralized the andstone bas 
been altered to quartzite and the l ime tone to chert. '.rhe mineralization, in­
cluding the iliciflcation, was ac ompanied by elution, so that the tbickne s 
of this bed is ·ubject to abrupt Yariation; in place is ha been practi cally re­
moYed. As the sandstone was originally 'lery limy, much of th is variation may 
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be due to the removal of the lime dming mineralization. Solution pockets 
lined by drusy pink par a re conspicuous. The ore and gangue occur in the 
for m of crosscutting and bedding Yelns, but more abundant ly as irregular 
r eplacement masses in the sand tone, or chert, a. tbe case may be, and along 
the bedding plane that separates this bed from the overlying bed. A li ttle 
jack is al o eli seminated in both the sand tone and the cher t. 

Overlying the sandstone is a medium- to coarse-grained dolomite that is in·eg­
ularly sanely. Tbi dolomite liltewi hows many ev idences of solution in 
the form of open clru es. and conta ins con iclerable greenish clay, both intersti­
tially and in bedding seams, evidently re. idual from such oluti n. It is 
shattered in many places and mineralized along the cracks by pink par that 
aocaDy carries jack. Some j ack may ·occur in it as direct replace;;ent 
ma ses in pockets, without accompanying pink spar, or the two minerals 
m ay be present togethe1· in irr gul ar replacement ma ·ses. The latter type of 
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occurr nee is especia ll y well deYeloped ill the ri cher part of the min , where 
the products of minerali zation of the upp r b d merge with those of the ·and­
stone below, produ ing a n ore face that may be 4 feet or more thick. 

The rock below the sa nd: tolle, where not greatly eli turb d, is dolomite 
that ranges in differen t beds f rom coar e to rather fin ~rained, the coarse 
texture predominating. Tb coa rser dolomite may grade in 1>laee to lime tone. 
The bed is invaded by uumerou large lense. of mixed gray and pink spat· that 
haYe replac d it along the bedd ina- for distance. of 8 or 10 feet, with thick­
nes es of 1 to 2 feet. olntion cavi t ie a much a. 2 or 3 f et acr , lined 
by drusy pink !lpar, are collspicuou in such masse . \Vhere the gra~· par­
is contained in the medium-grained dolomite, it ha probably replaced resid­
ual mas es of the ori"inal lime ton . .A little jack is dis:eminat d in the gray 
spar, but so far as commercial ore i concerned the strntum l ~ · ing below the­
main ore bed i. barren, unl c .. s th ore in the ,·ery bnck of th mint•, mentioned 
below, is at this horizon. 

'l' he individual b ds are very difficult to fo ll ow throu"'b the mine, owing 
to the great variability in texture to whi ch certain bed of dolomite are ub­
ject, to the pos ibility of o-radation from lime tone to dolomitl?, to the un­
reliability of the sand tone a regards their per i ten and uniformity 
over any distance, and e-r ecially to the pre enc of breccias in the mille-. 
These breccia are very puzzling when considered in tet·m of origin . They 
are expo ed on all the wall. (see fig. 12) but are not ontinuous. Evidently 
they occu r at about th ame horizon in a eries of bed that are not greatly 
broken by faul ting, but they iu,·olve the few local key bed (sand tones) io­
sucll a way a to make correlation of the bed aero s tllem unreliable. 
In a 40-foot tretch on th east ide the breccia is underlain by horizontally 
bedded unbroken lime ton e. The contact between the two type of rock is­
undulatory, showing a reli ef of 3 or 4 fe t within a distance of 5 feet, but 
its average i e entially horizonta l. At the outhea t end of thi limestone· 
occurrence the breccia ut clown aero · it to the floor. There are one or two­
lime tone "pinnacles " tha t project up into the bre ·cia on the ea t wall\. 
back of the main lime tone expo. ur . At other place the breccias are under­
lain by a Yery oar e gray pa1· mixed with pink spa r and containing rathev 
large solution cavitie lined with cry ·talline 1 in I;: . par. Thi i the type­
of material that has commonly replaced ma siYe lime tone, and pre umably 
a hort distance below the le,·cl of the floor the lime ton "·ould b encountered. 

Iu composition the greater number of the breccia . ·bow anauJar to rounded/ 
fragment of dark-gray or locally ' rc 'llish meclium-gruined dolomite and: 
quartzite, with a matrix of greeui h clayey sand. The fragment , in general, 
make up the greater bulk, and adjac nt ones may fit to'"'ether in nell a way 
as to show that there has been very little movement or the one relative to the­
other. The matrix i of ju t uch a compo ition as would be obtained from 
the leaching of some of th sanely dolomite beds that OYerlie the zone occupied 
by the breccias, and the dolomite fragment are imilar in compo ition to a bedl 
that immediately overlies the ore-bea rin "" beds in the se t ion at the portal of 
the tunnel. 

Cer-tainly the final proces · that lin operated in producing these breccias has­
been solution. Otherwise there is no way to get so sharp a division between· 
unb roken limestone below and a breccia of dolomite f ragments, that contains. 
no limestone, above. Probably, to juda-e from the origin of o many other 
breccias in the northern Arkansas region by structural movement, the solution 
was here preceded by some shattering that open ecl the rock, providing channels­
for tbe water to circulate. The limestone would then eli olvc out, giving the-
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overlyin« dolomite a chanc:e to lump. olu tion through the .· hatt red dolomite 
would dis ·olve some of it, leaving a r idue of , and and greenish ·lay that 
would fill in the crncks in th e "ha tterecl and pnrtly brecciated dolomite. 

On the west '"all of the mine near the back the bn•ccia show·· a cliff rent 
composition. It i ma je up of block of B one chert, ome of \vhich are 
5 or 6 f et nero "· with a matrix of. iii eou clay or ami. Al ong the bord r 
with the Everton bre cias the two type: of fragment a re mixed, but \\'ithin 
the main ron the Boone is laro- ly fre f rom a<lmixture \\'ith f ra gments 
from the IO\\' r h rizon. n the surface slope outside the mine no fault that 
would account fo r ·uch a di. pia ·ement of the Boone, 50 fe t or more below 
its normal po ition, ca n be locnted . '!'here a re no rock outcrop~ over au area 
100 feet or so in diameter that on~rlie th C' underground po ition of the hert, 
and thi a rea eYiclently reprC'" nt a ·ink ho le into whi ch Boone chert ha 
been dropped. ThL explanat ion i in hnrmony wi th t·hc int e rpr tation 1>f th e 
brec ins in theE,· r ton for m:ltion as e:~en tia ll y .·oluti on brec ·ia . . 

That the breccintion of both the Ever ton and the Doone material· pre ecled 
the depo ition of the ore i shO \\'D by the inc lusion here an cl there in th br ccias 
of pink ·pnr and a li ttle jack, in irregula r rep lac ment po ·li:et. or in cro -
cutting clru y " inl ets. On the \\'hole the br c ·ia ·, e pecia ll y t llo of the 
Boone chert, are barren. Ce rta in of the Evertou brec ias to"'a rcl the front 
of the mine, wh ere the ro ·k has not be n o thoroughly broken, carry ore 
in the inter titial caviti e . 

The mine ha been worked out except at the v ry back end , \\'h ere n run of 
ore i. developed in a . ilicifi cl dolomite breccia at a li .,.htl y low r le,·el than 
the main stope of the min . Which b cl of the p rtal ection i in,·ol,·ed 
in thi breccia i not known , owin" to the impo ibility of tracing the beds 
back ae ro the other breccias. The run i a bout 15 feet wide but only 2 or 3 
feet thick. It pitches gently to the north along the cl ip of th becl. nt th i pa r­
ticul a r point. La rge solution caves, lined with cry talline pink spar nnd jack, 
ha ,·e been cle,·eloped in t hi. ore run, probably during the mineralization. 
The large t one noted was 5 f et Wide, 4 feet high, and at least 6 feet and 
perhap · more Jon"'. The ori inal brec ia here d iffered f rom mo t of the others 
in Ever ton dolomite in that th openings in it were not fill ell wi th . ancl and 
clay. Hence it oulcl he 1 n t ra ted by th ore so lution , which clis olved it 
out and intensified the breccia tion by th resultant : lumpage. The >< ilicifi­
cntion, which oc urred inegularly in the brecc:a, ~·as a.n accompaniment of 
th e mineralization. 

In addit ion to the ro in ja k ancl pink . par whi ch a r the chief minerals 
found at the miue, th e usunl trace of copper occurs in the primary ore as 
fin ely cry ·talline chal ·opyrite. It ha. been altered in part to malach ite and 
azurite. Zinc ca rbonate ancl silicate are deYeloped very parinNiy nea r the 
front of the mine, nod tine dru:y (Juartz has formed thrOU''h ut the mine 
in crack · and pocket i n the cher t and quartzit . ll lclspa r (or thocla. e and 
micro line) i · a mi ro ·copi coustituent of the chert. 

The only prospect for fut ure production at the Lucky Dog mine li e in the 
po ·ibility th at the ore run at the back of the mi n will open up in to a wider 
deposit. 

On the opposite ·icle of the holl ow :U:om the ma in mine a : mall L' tlepo ·it 
of ore bas been opened up ancl ''orked out. It lie · at th e sam a ltitude and 
probably at the .:arne horizon, r. lthough the latter iufe rence was not proved. 
The ore was jack an cl pink spar, occurring iu irregnlnr ·hatter cm cks in a 
gray to greeni h dolomite and also in chert that e\'ldently has replaced lime-
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ston . The t hick nes of the ore bed i.- about 5 feet. A room con id rnbly 
sma ller than the rna in opening on the nor th side has been stoped out. 

The greater pa rt if not a ll of the production from the Lucky Do" mine 
was marketed in 1917, when 550 tons of jack concentrates were shipped. 

Eleot r ic.-'l'his mine i in the SElf.~, sec. 1, •r. 16 N., R. 17 w ., on the left 
side and near the head of a hollow tributary to Tomahawk Creek from the 
north. The work ing li e ju ·t nor th of the Tomahawk fa ult, which h re has 
a throw of about 600 feet, brin""ing the lower pa rt of the Fayettevill sha le into 
contact with the top of t he Everton fo rmation . The ore horizon i · near the 
top of the Everton. A ·haft, ·now C<Wed , begins at the base of the St. Peter 
sand tone, practically at the fa ul t, and is repo r ted to have gone to a depth 
of 36 feet, f rom which a clrif.t wa dri,- o into the hill, under the St. Pet r 
ledge, for about 100 feet. Other small er. dr ifts, the la rge t one 40 feet long, 
a r driven from the ·ide au<l he ~l of the holl ow a bort 'i st:1 !1Ce np t renm 
but -till w ithin 100 feet of the fault. 

The ore is mixed j ack and a rbonate. Much of the carbonate occurs a · a 
lining to jack ca ts. 'l'he jack .·how· seYeral different types of occurrence in 
the cl iJ'Eerent opening-. It may be eli eminated in quartzitic sandstone, in 
coa r ·a-grained dolomiic {l -- to *-inch g rains). or in a cherty repla ement 
product of limestone. :\lore commonl y it occurs associated with pink spar in 
cracks and replacement po kets in rock of the e same types, especially in the 
saudstone. Only one or two of the different types of ore beds were een in 
place, so that ob er vation on their thickne and extent are in general laclcing. 
()ue of the chert bed ". h• wever, i 2 feet thick and lies between and tones. 
A greeni. h clay mineral i prominent in ·earn and flake in the cherty pha es, 
inters titia l to the grain- in the dolomite phase ·, and along cracks into which 
it ha evidently seeped in the an(! ·tone . . 

The property has p r·ocluced about 100 ton of concentrat , mo t ly carbonate. 
Part of this was free or . The mi ll is at pre ent in ruins. 

Tom-allwtvk.-This mine i in the " 1,4 sec. 6, T. 16 ., R. 16 W., at the 
head of a st ep draw tributary to 'l'omahawlc reek from the north. 'l'he 
horizon i at the very top or th Everton for mation. Althou""h the rock below 
the le,·e l o( the mine are well expo eel . the o,·erlying rocks IHt,·e been deeply 
wen there<! :"llld eo ,- r d hy chert deb ri ' from t!J e Boone formation abo,·e, so that 
they do not crop out. 'l' he Everton strata clip gently to th outh. Tbe work­
ings c nsi ·t of eYernl hafts, ho1-t tunnel . and open cuts scattered a long a 
certain horizon o,·er an outcrop length of about 400 feet. Only the workings 
:1n and ju ·t south of the head of the cl ra w wer proclu ·ti\·e. 

'l'h mineraliz tl rock, in the few plac ·· wher i t is e:-..'1)0 eel, i ·· cher t r suit­
ing from the ilicification of E,·erlon limestone. It arrie the ca. ts of dissemi­
uatecl j ack th roughout its extent, though no zinc minera ls were found , nor 
haYe an.v be n r p rtecl. '.!.'here i · eo mdclemble pink :pa r iu irr ""Ula r replace­
m ot po ·kets in the chert, but without any as· <:iated ore in the exposed 
occurr nces. The ore i · ma lachite mixed with a greater percentage of brown 
!l·on ore. Wh ere the iron ore bns I! en expo eel to the ·un fo r a coo iclerable 
t ime on the cl ump, its surface laye r becomes reel. one of the or wa ob­
serv c1 in pia e, owin g to tbe decompo · cl hara •ter of the ground, whi ch has 
resul ted in s lumping and ca ving. A few blocks of rna siYe pyrite, ontainin "' 
small irregular blebs of chalcopyrite, lie on the cl ump pile and show the nature 
of the origi nal ore. orne of the pyr:ite has inclus ion of .. and grains, ug­
g ·t in" that the ori ginal ore may ha,·e replaced a sa 1 clstone or andy bert. 
Thi · interp retation i. · strengtheuecl hy the occurrence of the brow n iron ore 
in the form of pock ts in the cher t. 
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The ilicifi d mas· is apparently thick t in the head of the draw ( ther i 
no drainage line abo1·e the !eYe! of the mine). and it de r a es In thickne ·s 
by ri e of it. ba e to the outh , along the left ide of th draw, over a eli. tance 
of 300 feet . Although it ca rri e jack ca t~ throughout, the copper and iron 
mineral in it are re t rictecl to the north end of this stretch. The decrease in 
the tbickne s of the cber t t o the west i mor abrupt. Th rock encountered 
in a shaft 40 feet west of the h t'ad of the clruw are u.na lterecl EYer ton l ime­
ston . and and tones except for a 1·ery lit tle chert that carrie en ts of jack. 

'£he most productive opening up to J9' 0 was a 100-fo t drift with a shaft at 
it· portftl, a . bort di tance south of th head ot' the draw. Som- of th ore 
rna se taken out :ne L' ported to ha I'C been 5 or t3 feet aero· . In 1930 tlle 
proper ty wa. worked wilb tl ~ team lLOvel, but it bas not been Yi. ited by the 
writer ince thi.· work was begun . . The ore uncoYered i. reported to o(·cu r 
in cattereu pockets at the b~tse of th deep urfa cc 1lebri ·. 

During the earli st period of exploi tation, arounu 1900, a small smelt r wa 
built on the propt'rty. a nd about 1 pig;; of metallic copp r were tumed, out. 
~·am Dal'i,;, of ~ t . .Toe, replll' t thnt Inter w,n·k prodUI'l'd .JO or 50 tons of ore 
that wn shil 'J1 d out. 

MA :IIEE -WATER CREEK DI TRICT 

Incluue<l in the general Maumee-,Vater Creek di trict, which li s 
partly in Marion County, partly in earcy ounty, along the middle 
tretch of the county line,· are enra l d po it within the drainag 

ba ins of WaL r Creek, Gr n H aw H ollow and Mud H ollow ( = Gulf 
Hollow) , an d al o a couple of depo it along the Buffalo River near 
the mouth of Water Creek. There is no signifi ant faulting with 
which the mineralization can be orrelated, but the location of orne o:f 
the deposits on the flanks or the rim of the Water Creek tructural 
basin and on the ' Vater Creek monocline suggests that tructural 
moYements connected with the de,·elopment of the e features may 
have bad con:iderable to do with producino· conditions favorable for 
<l€po ition. The most productive mine of the district, the ure Pop, 
i. in an e pecially favorable location, on the nort!_lwest rim of the 
Water Creek ba ·in where the rock are tilted rather abruptly to the 
sou thea t (pl. 3, over heet). The depo it of the district occur in the 
Everton, chiefly in fine- to medium-grained dolomites and in dolomitic­
sand tone . The production has been jack in some depo its and ca r :­
bonate in other anc1 ha amounted to perhaps 3,500 tons of concen: 
trates, most of which came from the Sure Pop. P erhaps a fifth of 
the total production of the district ha been jack. 

Olwistie.- This prospect i · in the SE?!J, sec. 19, T . 17 ., R . 16 W. The work­
ing was a 10-foot shaft in a garden on the left bank of Water reek, but it has 
been completely filled in . '£he ore rock on the dump .·bows ro ·in jack, chiefly 
dis eminated in u coar e-gra iued dolomite, in gr ains from one- ighth to three-. 
four ths inch in size, but also to . ome extent a ·sociated with p·ink spar in re­
placement lenses. A little calcite and n trace of chalcopyrite are presQn t... 
Black carbonate oc ·ur. as a minor oxidat ion product. A little ore is r eported 
to have bPf'n :old f rom thi s pro pect, but the amount could not ha,·e been 
greater than a few tons. 
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Water C1·eelc leacl 11rospect .-Til is pro re t c u ·i ts of tiYo ,:n.Hl ll open cuts 
lying on both sides of a mall steep rn 1·i ne that nter · \oVa te r Cre k f rom 
th ._outh, probably nea r the northen t corner in ec. 2 , 'l'. l 7 , ·., 1:. 16 \\' . 
'l'!Jc altitude is around 720 feet, about 30 f<' t nboY the ))ed of " ·aler reek. 
The horizon i 40 feet below the ba .. e of the St. Peter sandstone, which i: 
here only 10 feet or so thick. The «a lena occ\u·s as poor I~· fo rmed cube , 
half au inch in greale t dimen ion, dissenJinatcd in ch r t that has r plac c1 
lime tone. '.rhe mineral-bearing zone i ' onl~· _ to ti inch s thick, anti lie at 
the top of a 2-foot limestone member, iumH?diately below a berl of medinm­
graioe 1 dolomite. Most of the a! na i- con entrated a long certain planes in 
the chert tbat are fu rth er marked by a concentrat ion of minnie dolomite 
cast . The western of the two cut contain ~mall eli. :emina ted cr.1· ·ta l. of 
rosin j ack in addition to the gal net. Thi: material is of too low grade to e1·er 
be of any commercial Yalue but is of int re t iu being the only o ·cu rreu c of 
lead known to the writer in the zinc tl i. tric-t - south of Crooked 're k, out.: ide 
of tho e in Newton ounty. 

Sure P op.-Thi · property con~ain t1Yo tunnel~, each of wh ic h ha produced 
eoosiderable ore. They are in the ~112 El,~ s c. :l-±, T. 17 ~ .• R 16 \ V., on 
opposite sid · of Wa ter reek, perhap 1,000 r et abo1· it. junction \Yith, a 
prominent left branch. The altitude of both tunnel is 6T fe t, which i. 
about 50 feet abo1·e the creek bed. Tile hori;r,oo is in the EYerton formation 
30 feet below the St. Peter. For COiwenieuce the two tunn b will lJ~ de­
s ribed as tunnel 1 and tunnel 2. 

J. 'l'h tunnel on tlle left bank goe into the hill for about 2;)0 feet cun·­
Jn' from '. 05° W. to . 75° W. in this di ta.uce. From t!J cud of this entry 
th maio working are de1· loped a a erie of irr "ular larg room and 
hallways nlong a "Cnera l w t rly cou rse for a eli tance of 200 to 300 feet 
fa r th r. 

Th structura l f ature tllat bas d tined the mineralization i a low mono­
clinal fic.xu re of 1·ery local xtent who e rest run. about clue \YC t along the 
main line of underground working , we ·tward from tbe end of the eutr.v drift. 
Tbe monocline dips about 10• . and defi ct the bed only a few feet before 
they flatten out again. One of the ore-bearing bed , a medittm-"'ra ined dolo­
mite, is in places almost qu ezed out along the axi of the monocline. ro · 
ing th monoeline are a number of ob cw·e fracture · bearing betw en ' . 55° E . 
and N. 75° E. To judge from the way the mine rooms ha ve been opened 
a long these frncture leaving them xpo ed only in tbe roof tbey haYe appar­
ently been line of mineralization. Apparently the entry drift follows one 
{)f them. 

Tbe total thiclmess of the ore-bearing iuten·al is about 6 feet. Tbis iut nnl 
contains three lithologic member -a Yery limy ·and tone at the top ( 2 feet), 
a I ss limy one at the ba e (1 foot), and a mediu m-"Tainecl dolomi te between 
them (3 feet). Hexe and t11ere the upper limy sand tone grades in to a lime­
stone that carrie fo il o tracode , but where it carries ore tbe limy material 
b!ls been either replaced by dolomite (rarely b.,. eli rt) or el e tli oh·ed out, 
lca,ing a residual clay. Tbe Ll olomite betw en the , and tone grades lnterally 
into limestone on ce rtain of the borders or tbe ore deposit, a lthough the or 
and dolomite ar not xactly coexten ive, fo r ore may occur in the top ( limy 
sand tone) memb r beyond the li mits of dolomitization in the member below. 
Tbe ore zone is o1·erla iu first by 2 or 3 feet of amlstone and tllen by about 30 
feet of fine- to medium-"rained dolomite that extends to the base of the t. 
Peter; it is underlain by lime tone. 

The little ore tbat remains in the wall ~ of tile mine ug~e ts t ha t tile to!) 
li my sandstone m mbcr was tlle chief ore bell; certainly it carries ore o1·er a 
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wider xtent than the bels below it, and in a la rge proportion of the wall 
length it i the only member that ca rrie· any ore. Tile dolomite and lower 
sandstone were minera lized chiefl y alon"' the line of rupture tllat fo llows 
the crest of the anticline. 

The ore is dominantly carbonate wi th ome silicate and j ack . The carbonate 
and si licate occur in the upper member of the ore interval practi a lly to the 
exclu ion of the . ulph ide. They are a· ocia ted with pink-spar and gr ay- pat· 
dolomi te, which have replaced the countr'y rock, and with va riou tyt es of 
clay, ranging from a gr e n vatiety t·o reddi h-browp tallow clay. These clays 
are evident ly res idua l from th sol ution of the limestone and pink par. Some 
of the pink ·pa r is bl'Own from incipient alteration to clay . The ore is in large 
part rather intimately mixed with the clay and hard to di.'tingui.·h, but locally 
i t may appea r in small open vug or a· a re[ lacement product of pink spa r. 
The carbonate is commonly brown or gray. '.rhe ili ate i c lor! s where 
crystallized in yug., but it al. o appears a opaque fi e h-colored material that 
ha replaced chert. naltered jack is of rare oc un:enc in the upper ·and­
stone, though here and there it appear with pink spa r , or eli ·eminated in the 
more dolomitic phase· of the member, or in phases that repre ent a s ilicification 
of limestone. 

The lower apcl tone exhibits features similar to the upper one but ba. not 
been o extensil·ely altered and mineralized. In a very f w places the top foot 
of the lime tone underlying i t bas been altered to chert that contain eli ·semi­
nated jack cast ·, or el e to a fine-grained red-brown clolomi te. 

The dolomite between the two sandston s carrie practically a ll the j ack. 
Along the ere t of the monocline, where the di turbance bas been greatest, 
the jack is a-sociated with pink spar a nd a little calcite as irregular cavity 
fillings in the more or 1 . queezed and brecciated dolomite. The bedding has 
been obliterated in thi zone. In certaip p lace the ore and gangue have been 
preceded by a minor infiltration of ·and. Rarely the jack occurs dis eminated 
in chert that bas replaced the dolomite . . Away from the di tu rbed zone jack 
occurs on ly here and there in 1,4-inch cro ·scutting veins of pink spar. P ink-
par veins occur rather uncommonly in the limestone beyond the boundaries of 

the dolomite, bu t no zinc mineral is pre ent ip any of them. 
The jack is dominantly r o in-color ed, bu t orne of it shows pots of black. 
1uch of the dolomite throughout the mine i pale greenish. Examination 

with a hand lens show this color to be due to a pale-gt:,een i h clay mineral 
(beidellite) that forms a matrix to the dolomite grains. '.rhis clay may be segre­
gated in small flecks or pockets. It is apparently the same clay mineral that is 
found in the more leached parts of the upper ore-bearing sandstone, where in 
many place it forms the matrix of pink-spar masses. In a few places where 
the dolomite is thin it may be overlain by 3 or 4 inches of this green clay, 
indicating that some of the thinping that suggests squeezing may be due simply 
to olu tion of the dolomite . 

.A li ttle calcite is associated with the pink spar in the different members of 
the ore zone, but it is not very prominent. 

2. Tunnel 2, on the right side of Water Creek, lies a t the same altitude and 
nearly the same horizon as tupnel 1, but about 600 feet fa rther downstream. 
It goes in straight for about 275 feet in a general easterly direction. Most of 
the ore has been taken from a zone only 2 feet thick that li es immediately 
under the roof. This zone has been cut back on each side to a maximum 
distance of 20 feet from the center of the tunnel, but the underlying bar en 
limestone h as· been removed only a long the center line of the tunnel to give a 
runway. 
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The ore is embedded in clay and is chiefly brown, black, and gray carbonate, 
with a little crystalline ilicate. Much of the brown and all of the black 
carbonate repre ent the replacement of pink spar and jack, re pectively. A 
little rosin jack is re idual in the cla y. A trace of malachite appears in the 
black carbonate. Pink spar occurs both in the ore zone and in a few 1-foot 
pockets in th lime. tone below, as ·o ·iated with calcite. ·where the ore zone has 
not been . o ell.'ten ively ox idized, pink spar, with some interstitial green clay, 
makes up the greater part of it. In a small area near the f ront of the mine 
the original jack bas remained unaltered. It occut·s both as a thickly dis­
semina ted r eplacement product in chert, in the top foot or so of the lime tone 
below the main ore horizon, and also in ma ses as much a 5 or 6 inche across, 
as ociated with a little pink spar, in the immediately ov rlyiug sandstone. In 
places the disseminated material becomes so thick as to form an almost solid 
lens of jack, a foot or so thick and 2 or 3 feet long. Most of th i jack is 
rosin-colored, but a minor amount is black. 

The ore in this tunnel lies apparently at a slightly lower horizon than that 
on the opposite side of the creek. It is overlain by 1 foot of and tone, then 
by 5 feet of medium-grained gray to gr eenish dolomite, then 4 feet of dolo­
mitic sandstone, the second foot of which is dolomite, and finally 37 feet (to 
the ba e of the St. Peter) consi ting dominantly of dolomite but with 1% feet 
of lime tone a bout 3 feet below its top. The roof sandstone in tunnel 2 is ten­
tatively correlated with the lower ore-bearing sandstone of tunnel 1. The 
overlying dolomite has been penetrated in several raises in tunnel 2, where it 
i seen to be crosscut by groups of pink-spar veins that apparently carried 
orne ore, but the overlying saud tone, 4 feet thick, whose ba a ! half carries 

the ore in tunnel 1, ha not been pro pected in tunnel 2. 
The prod uction of the ure Pop, according to the records of the J. C. Shep-

her·d !\lining Co., was as follow , in tons of concentrates: 

1915 (September-I>ecemberl------------------------------ 195 
1916--------------------------------------------- -------- 744 
1917-- ---------------- ----------------------------------- 315 

1,254 

The mine was operated under lease fo r about a year prior to the time at 
which the above stati tics began, an l although the procluction was apparently 
not recorded in detail, a summarized statement giving statistic on the prop­
erty, found in the books of the J. C. Shepherd Mining Co., gnve a total pro­
duction of 2,244 tons for the property, in Heating a p roduction of about 1,000 
tons prior to September 1915. The ore marketed was carbonate with a little 
admixed silicate and avera ""ed 41 percent of zinc and 0.11 percent of cadmium. 
It was Yery rar ly p nalized for sulphur. The output in 1915 and earlier came 
from tunnel 2. The mill, near the portal of tunnel 2, has been destroyed. 

R ed Bit·d.- Thi mine lies on the left billslop of the left branch of Water 
Creek, perhaps a quart t· of a mile above its junction with the right branch, 
probably in the NE:J4 sec. 34, T. 17 r., It. 16 W. It altitu1e i about 690 feet. 
The ho1;zon i in the Everton form::Jtion about 40 f et below the ._t. P et r. The 
working i · a curTcd tunnel, 3"0 fc t long, with con:;iclernble tl velopment about 
halfway back, partly ai a hi gher level, ou th e ri •bt ide. 

The ore-b a ring b d · con i t of a .·er ic· of . and;.tolle:::. lime. tones, mecliuw· 
gmincd dol mite::<, and bed · of intcrmedin tt> COIIIpOsiti on. nbout 15 feet in total 
thickne ··s. The lime ton nr ban·cn except wlipre tlwy are siLcifi ecl. ertaiu 
of th dolomites "'racle laterall y iuto lim ·ton . A per i ·tent member at the ba e 
of the se ries 1 ~ an intraformational conglomera te, 6 to 12 inches thick, con-



186 ZINC AND LEAD DEPOSITS OF TORTHERN ARKANSAS 

taining pebble of limestone and chert in a sa nd:·tone or sandy limestone. 
The eries is underlai n by limestone and overlain chi fly by dolomite, more or 
le s sa ndy, to tile b<t e of the St. P ter, a lthO ugh tile top 5 fe t is aga in lime­
stone. The St. P ter lie about 2- fe t aboY the uppermo t ore-b ariug bed . 

~'hroughou t the greater part of the mine the beds how very mi nor undula­
tion , fir&t one way and then another, wi thout there b ing any v ry marked 
di placement of a given bed f rom a lev I plane. A !itt! cru ·hing ha been 
produced loca lly, but it i · not con picuou . In tha t pa rt of the mine f rom 
which mo t of the or has been rem11ve<1, however, on the right side about 
halfway back, rather in t n e brecciati on has I en prod uced by a n abrupt 
upturning of the beds on that side. r.rhe main tunnel bar Iy eut r tbe br c­
ciated zone at the base of the monocliual llip and then leave i t I y ;;winging 
away to the left. ~'he monocline dip ' in to th tun n I, about 13° SW. The 
working bave extended on ly a short di ta nce away from th maiu tunnel, up 
the dip of tbe monocli u , and on ly 0 feet or so a long til ba · uC the nton cline, 
so that the extent uf the structure is not known. The betiding ba · been 
largely de t royed by the brecciation alon" the foot of the monoclin . 

The breccia has not been minera lized to the ex tent tha t might ha ve b en 
expected-in fact, Ollle of th mo t in ten . e ly broken dolom ite, in wbi cb 
lim y sand forms a "Ood part of the fillin g materia l, contains little or no ore. 
'£he mineralization appears to baYe fa,·ored the rock that wa imply shattered 
in place. The ore is ca rbonate and i a .·o ·iated \\' i lh a comparatively Iarg~ 

umount of pink spar. It occur a fracture fi lling and brecc ia fi llin"' · in the 
dolomite and sand ·tone. A minor amount of cal ·ite and a tra · E malachite 
occur in vu ;:r in the pink ·pn r. and a lit tle fin dntsy CJ.n tntz appear · on the 
wall s of certain vug not c mpl tely fill ed with pink par. .luch of the jack 
that wa . origina lly developed with the pink ·par has be n leach d ou t, without 
the zinc ll a ,·ing been r precipitated a · ca rbonate, but me of it is till pre ent. 
It is dominantly ro in-colot·ed, bu t con id rable black a lso ·llo '" ·. 

Away f rom the brecchlt d mas the mineralization ba · been Ji aht. P ink· 
spar Yein let occur in the dolomite and sand ton , but without ore. A li ttle 
jack is eli seminated in sill •ifi cl ancl stone and in the ilicified pba e · of the 
intraformational lime tone conglomerat that occu rs at the ba e of the ore 
erie . Most of thi eli ·seminat d ore hu b en a lter d to carbonate. 'orne of 

the li nJe tone bus been ilicified in places for a few inches but without the 
deYelopment of ore. 
~'be production, ulade in the a rly yea rs of the World- War, has been about 

200 ton of concentrates. 
Lone Star.-Tb is pro pect i in tbe bed of Myer Hollow, which is tributary 

to Water Creek f rom th e righ t, in the S%SEJ4 sec. 1, T. 16 ., R. 16 W., h alf 
a mile or more up from Water reek. 

The openings con isted originally of severa l drifts into the slopes ou both 
sirl es of the ·tream bed. Those on the ri"'ht, wbich produced tbe most ore, 
ha d caved at the t ime the property was visited. The ma in tunn I on the left 
goes in 140 feet and bas a la rge stope worked out on the right near the back 
end and a CUrvin"' lateral d rift On the left. 'fhe beds in this drift dip about 
10° NW. The ore bed is a greenish dolomitic and tone, about 5 feet thick, 
who ·e top lie 17 feet below the 't. P te t·. It ha been rather exten ively 
replaced by "'ray par (dolomite) with the deYelopment of a greenish clay 
intersti tia l to the gray-spar crystal.. Thi r placement was concentrated 
along cer tain band in the andston , probably the zones that were origi ally 
more limy. l\lost of tbe ore wa. confined to a thic lm e s of 3 fe t. ~'he 

mineralized bed is underlain by fo. ·ili ferous lime.· tone and O\·erlain first by 
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medium-gra ined dolomite (7 feet) and then l im . tone (10 feet) to the ba -e 
of the t. Pet r. A . hort eli. tance up the holl ow from the mine the lime tone 
underlying the ore bed ha · been ·ilicifiecl but not mineralized. 

T he chief ore mineral i · zinc ilicate. It i accompa nied by a li ttle car­
bonate and con ·iderable ro in jack. The original jack oCCUlT d either in vein­
lets of pin k pa r , which tend to lie pa ra llel to the bedding or 1 e dis· minatecl 
in the gray spa r. All the jack originally r'lisseminatecl in gray spa r ha been 
altered to ilicate. Aurichalcite in blui:,h scales i a minor con tituent of the 
less oxidized ore. 

Thi mine i · reported to have produced about 200 tons of carbona te (prob­
ably in pa rt or larg ly si licate) during the period of high prices in the ea rly 
years of the World War. 

S ·ilve1· Run.-The Silv r Run working are in the b d of a hollow that 
dra ins . outJ1\\'e twa rcl into Water re k. The property is in earcy County 
ju. t south of the Marion ounty lin , in t he ~ fElfl and the NE JA,N W1,4 
sec. 6, T. 16 ., R. 15 W. 'fhe \\'Orking consist of au inclined t unnel (no. 1) 
on the right (north) ide of the hollow, and two tunn I (no . 2 and 3) and 
an open cut on the left ide. Io t of the production i repo r ted to have come 
from the open cut ( 150 feet up tream f rom tunnel 1) and f rom tunnel 2 (100 
feet above tunnel 1) , on the left ide of th hollow, but the late t workings 
have been made in tunnel 1. As the tunnel begin at the level of the bed 
of the hollow, they haYe to be pumped when being worked. The ore horizon 
i in the Everton fo rmation 40 feet below the St. Peter and tone. The be Is 
dip at about 10" W. 

The ore-bearing bed in tunnel 1 i a white to green i b and tone \\'hich in 
plac I ecom gr·ay and dolomitic. It i · reported to be about 5 feet thi ck 
in the mine. The ore i' ro in ja k and occur a ociated with pink spar in 
cracks and itT gular replacement mas es through the andstone. Gray to 
gre ni h chert has r placed some of the andstone and is evidently a I roduct 
of the minera lization. It contt1 i.ns catter d micro copic grains of fel ! par 
(adularia). Finely cry ta lline chalcopyrite appears in ome of the pink par 
and jack dru, e , and minute cry tals of pyrite are di ·eminated in the chert 
and in the and ·tone. V ry sma ll amount of carbonate and ilicate are present 
but are not comm rcia lly important. The ca rbonate occur as black spongy 
rna se · deriYed f t·om jack in place, or as fie. h-colored coatings of pink par, 
or a aggregate of fine fiesh-color·ed rod . 

'l'he r lations of the ore-bearing bed or bed on tbe ·ou th . ide to that on 
the north . ide are not clenr, owin "' to poor outcrops and to the inaccessibility 
of the wOI'ki ngs. T unnel 2 i · driven in a fine-grained dolomite. It wa full 
of water at the time the property wa . examined. The on ly ore bed expo eel in 
th op n cut is a 5-foot gr enish ch rty nnd. tone, containing, chiefly in the 
upr 1· 3 fe t, vein of pink spa r nncl ro ·in jack, with a li ttle bla k carbonate. 
Th zon betwe n 1 and 2 feet above th ba .. e of the and ·tone has b en replaced 
to a large extent hy gray . par, which conta in ·om rath r fin ely di . eminated 
jaclc Thi · anclston bed l · at a highe r level than tun nel 2, as it is under­
Lain by n barr n fine-grained dolomite that fo rms tbe roof of the tunnel porta l. 
It is probably tbe arne b d that carrie the ore in tunnel 1. It i ov rlai n by 
a chert that contain abundant green i h .·hale parting and that ha been 
altered fr·om a li mestone. Abo,· the ch rt, which is about 1 foot thi l\, is 12 
f t of , andstone and dolomite tbut ca rrie' orne jack and black cn rbona te in 
pink· ·pa r vein.·, but thi bi"her-le,·el min ra li zation i perhap. of too low 
grade to ha ve a ny va lue. 

OOH71-lll>-13 
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Tunnel 3, 1 0 feet down the hollow from tunn I 1 and on th' pp ite (I ft) 
ide, goes in only 20 or 30 feet. It i r ported to buv been rich n ar the 

portal but went blind toward the ba ·k. 
The Silver Run property i r ported to have produ eel ab ut :WO tons of 

high-grade jack. 
B ccM· P en.-'l'hi.· i on undeveloped pro p ·t som di tau ·e up from th 

j unction of Bear Pen llollow with Wa t r r k, in sec. G, 'l'. lG ~ .. H. 15 W. 
Bea r P n Hollow is the next tributory to Wo tet· r k f rom th I ft b low the 
mouth of the hollow that contain th Silver Run properly. 'l'h workin' i · 
a mall open cut in the Everton formation, e timat c1 50 feet b low th 't. 
P ter, on the north (ri ht) bank of the hollow, ju t up tr am from a mall 
fault that eros es the hollow in a we ·t-northwe ter ly dir ctlon. The bed. a r 
omewhat broken up and dip mod rately to th outhw st, owin" to drag nlong 

the fault. The country rock i a medium-grain d gray dolomite; the or 
mixed r in jack, ilicate, and carbonat . ruth r paringly catter d thr ugh 
pink pa r that form vein ome\Yhat thick r than u. ual, ero cutting th 
dolomite. Iuch of the jack ha been l achecl out, I aving only in ignifi ant 
crusty ma es of black carbonat and color: " cry talline ·ilicat . olll of 
the e ma. e contain a little malachit . 

Oommer cial.-This pro pect li at an altitude of 755 f - t near th top or th 
left bluff of the Buffalo Hi\·er, in the .·w ,)\\Vlf.~ e . 4, T. JG N., H. 15 W., 
about half a mile b lO\Y the mouth of Water r k, nt the ur tr am houlcl r 
of a short draw that break til lift' at this lo ality. 'l'h horizon i in th 
Everton formation about 50 feet below the 't. P tcr. The or -bearing b d 
consi t of a ric of . ilicified li me tone with two and ton , and on inl r­
beddecl -foot fine-grained clolomi t . Althou"'h the di1Ie rent ro ·k typ s, including 
the sandston , carry abundant pink ·par in Yein and irr "'ular L' plac m nt 
pockets oYer an interYal of 15 feet or more, the only b ds that ontain any 
considerable ore in addition are tile dolomite and a 1-foot and t ne und r it, 
lying at the ba e of tbe eri . The ore wa ori"inall y a ro in jack but ha 
been largely converted to bla ·k and colorless cry talline ili catc. A trace of 
malachite ho" in the black ilicate. 

The silicified li me"tone that have been invaded by pink spar how coo-
iderable cru mpling, which is apparently due to ·olu tion at til time f ilicifi· 

cation . They a l ·o conta in a large amount of green clay in fracture . The 
uppermo ·t and tone 0( the eri e· has been exten ively r r laced by pink par 
and gray par. 

The worki ng i a tunnel 170 f et long, that ri e thro h 14 feet of bed· 
between the portal and the end, at the ~arne time curving harply to th left. 
It does not follow auy apparent trncture or any loca Uzation of re. At the 
rear end it is above the main ore-bearing bed. 'rhe only condition tllat might 
suggest a structura l control to the mineralization i a ·mall but roth r . harp 
sag in the b ds about 50 feet up. tream from tile portal of til turu1el, but this 
·tructure is not cut within the tunnel. 

Jackpot.-This mine is on the lef t bank of the Buffalo Ri ver, 15 feet above 
water level, in the W % EJ~ sec. 8, T. 16 ., R. 15 W., at an alt itucl of about 
520 feet. The workings are below the level of high water of the Buffalo 
River. The property was originally worked as an open cut, but owing to the 
steepnes of the bluff, the depth of the face at the back of the cut ·oon be­
came dispropor tionately large a. · compared to the length, and furth L' devel p­
ment was carried on by mea n of a drift on the ri ·he ·t ore zone, which i · about 
5 feet thick, at the bottom of the cut. P resent workings, therefo re, show .n 
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open cut, 60 feet long, 60 feet wide, and 50 feet deep, with a room lead ing back 
f rom the rear of the cut 70 feet farther. 

The country rock k a medium to ra th r fine grained gray dolomite, yaria bly 
andy. cnain beds grade laterall.l' into chert, and chert treaks occur in the 

mineralized dolomit , especially below pink- ·par veinlets. In a few pia es chert 
al·o forms th matrix of d lomite bre · •i, . . The basal foot of the more richly 
mineraliz d :r. n i a i licified and tone. 

There app ar to be a fractu re zone at the front of the mine that runs about 
parallel to the f a ce of the bluff (north- outll). Along this zone the rock bas 
been somewhat brecciated and tilted, and certain bet! have been locally thinned 
by queezing. At one place in the drift a . lick en ide an be traced for a llort 
distance, running about parallel to the bedding. The dip· adjacent to tlJe 
d i tu rbed zone are a much a 20° W., into the hill , but within a bort di ·tan e 
fr m the front of the mine they flatten out. W her the rock has been mo ·t 
broken, . ome sand bas filter d in to form the matrix of the breccia. pward in 
the face of the open pit th e brecciation decrease . 

The ore is ro in ja k mixed wiUl pink par and occurs in ,·einle cro cutti ng 
the dolomite and siUcified sand ton . A minor amount of finely cry talline 
pyrite ac · mpani the ore, commonly fonnino- film along the border· of the 
pink- pa r " inlet . A little calcite and chalcopyrite occur in some of the piuk­
·pa r vugs. 'Ihe cherty pha e of the ouutry ro k are commonly barren except 
for a little eli. eminated j ack. The upper bed in tbe open cut ontain cbie(ly 
pink par, most of it dru y, with Yery little ore. 

The Jackpot min produced con ·id rable ore ( jack) in 1910 and during the 
\Vorlcl 'Var, probably a few hundred t n~ , bu t no clo~e e timate of .the amount 
ou ld be obta ined. The mill ha 

'I'url-: y Pot.-Tbi ' !)nk P ·t i 

and ton and 
eli minut c1 in ra ther fine bl b in 

or in th rny Fin l,. cry- tnlline (pinheaci size) pyrite 
o ·ur ·along th lx>rclers betw <l olomitc and pink par and a! o scattered 
through both tb cl lomit and tb and ·tone. halcopyrite (altered to a uri-
cllalcite) i pre ent in small amount , and om of the cry tal reach the 
unu ual s ize of a quarter of an in h. alcite i · a minor con tituent. 

A · cond opening, at U1 arne horizon a short eli ·tance up th holl ow, shows 
a lit tl ilicate and carb nate a . o iated with pink par and calcite. The 
working i an old ·bnft, ab ut 30 f et cl p, sunk in a c1 pi~· w atbered lope 
on whi ·h th r arc no outcrop . The ore-bearing rock is ancls tone. 

ortll 'tor.- 'l'hi property lie n ar tbc b ad of a left-baud tributary of 
the rigbt 1 rong of G1· n Haw Hollow, probably in th W:I4 sec. 11, T. 16 N., 
R. 16 W. 'l'h workings con. ist o( ·everal hallow . hafts drift , a nd op n uts • 
in th 1 ft ·id of U:l hollow ov r an outcrop I ngtb of 700 or 00 f ct. 'l"'lle 

Everton formation, the different opening ' lying between 1(> 

t. Pet r sand tone, but U1e main worklng · are aoout 
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45 f et below it. 'l'be or -ll aring rock grnclc · from dolomili snnd ·tone into 
m dium .an l fin e gra ined dolomite. In place. a oars gray .·pur, witb int r­
stitia l gr en clny, 1u1 · r pia· d om of tb • andy b cis. Th or is r o in ja ·k 
and oc ·ur. n ociatell with pink . pat· in era k Hnll itT gular t' pia •em nt 
mas e. ·. It may .also be dis ·eminated in th grn y spar, iu individual bl b 
rangin"' fr m a fraction f an in h to nlmo t nn inch in - ize. om oE the 
jack has been a lter d to c arsely ry ta llin illcat or to gray r black hon y­

•COmb a rbonate. A t race of mala hite llows in om of tb hlnck tt rbonate 
"'Da ·e , and a littl calcite appct\1.' · in a few plac s n-;so ·i nt d with til pink 
. par. 

Durill"' the a rly pa rt of tb World Wa r a mall mill w.a · in p ration on 
.the property and om or wa. mllled out, bu t the totnl pr du tion \\' H • n t 
smore than 50 or 60 ton. of jack. 

Bv ni11g tar.-Thi rro. p t lies high on the 
low oppo ite th mouth of the hollow containin 
. ec. 14, T. 16 '., R. 16 W. 'l'he workin, 
the E \·erton formation 3- f t b low the 

as ·ocia ted with pink par and a little calcit in ro · uttin' Y in! t . A trac 
<>f malachite is pr ent, and in plac fine cry talline pyrit h w · along the 
boundary b tween the country ro k and th pink . par of a v in! t . 

.Mawnee.-Thi.· property includ · ·eYeral working,;, all lying on tb I ft JI'Ong · 
<>f Green Haw Hollow which i lrnv I'. ed by th e road fr m :\!atune to Mar. hall. 
The workings are in tb :\'El4 and th N ~ E 1A . ec. 11, T. 16 K. , R. 16 W . ::IIo -t 
<>f the openLn"' ha\·e produc d carbonate, but one of tb main working , a ·haft 
ju t below the road, on the right-band sid of tbe creek bed, produced jack. 
'.l'be altitude of the haft collar is 615 feet; the horizon i in the Everton 
formation 130 feet below the t. Peter. Thi shaft i now ca,·ed. It wa 
-ori"'inally . unk on the ba i of the record of 17 drill hoi put down along 
the hollow o1·er a length of 1,900 feet, the lowermo t hole 00 fe t down tr am 
from the ·ite of the shaft. Ten of the drUl hoi · ar bunclled within 400 
feet of the shaft. All of the drill lo rep rted ore except two, one of which 
lies on the ea t ide of the hollow, about 350 feet ea t of th haft. 1: he or 
<>ccurs on about the ·a me level in all the bole . According to the driller~ ' 

logs, the ore run range Ln thickn from to 40 feet and in t uor from 3 to 10 
percent of jack. The driU records how a min eralized area of about 10 ncr . 
The drUl hole p n trating the 1·iche t ore lie practicall~- in th b d of the 
branch, 250 feet ea t- ·outhea t from the baft. 'l'bi · hole i · J 20 f • t d ep 
and contain ore in the bottom 40 feet, the ri he t ore ( 1·e~ orted by the driller 
~. cnrryin"' 10 percent or more of jack) occu rring in the upp r half of thl 
-ore zone. Working from the ·haft are on th i level. :\Io ·t of the drilL l gs 
show the ore to be only a few f t below a accharoidal . nd tone that i 
4 to 6 feet thick. A few of the d1·ill logs ·how low-g rade ore at higher level 
but these higher run. are apparently not p r. ·i ·t nt. 

The shaft is 130 feet d ep. F r m it foot, working xtend a tward t ward 
the riche. t drill bole for 250 feet, terminatin"' in om about 100 feet Long 
from ea t to we. t, 50 f et wide, and 12 feet high. 'L Bilharz, in a prh·ate 
report, s tate.· that about 4,000 ton of ro ·k wa taken from thi · room, pro­
ilucing 1 0 tons of jack concent rate . The recovet·y wa · therefor 4% percent. 
Bilharz e timate · that the mine would nm 6 percent concentrnte. , the I,P.wer 
~·ecove1·y obta ined being dn to th inefficiency of the mUI. 
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The ore i rosin ja ·k and occurs a· o<"iated with pink spa r in cam a nd 
shatter ra cks, ch i fl y in a fine-g ra in d , dark-gray dolomite to a le ·s extent in 
a medium -grained dolom ite or in a greeni h sa ndstone. Accord·in" to Bilha rz, 
the ou th wall of the underground work ing · i brecciared over a di tan e of 
ab ut 150 fe t. ome of thi · breccia that appear · on the clum p i cemented by 
gray chert which may ca rry a little di "seminated jack. 

A 70-foot tunnel driv n into the hill, 15 feet vertically abo,·e the haft 
colla r, is ab olu tely I arren . ea t· the top of th hill con ·iderable open-cut 
work ha been done at a horizon 30 feet below the St. P eter and o1·er an out­
crop I ngth of 150 f t. 'l'he la rge t cu t i abou t 70 feet in diameter. Al though 
practicall y no ore now ·hows in thi · eries of cut. ·. the~- ar report d to haYe 
I ro<luc d ·on. iderable ca rbonat . Th ore :r.one i in lime tone and green i<:h 
clayey nnd ton ; the overl~· ing in t rval to the ba e of the St. Peter i 
la rgely medi ul11-"Tainecl lolomit , wi th some . and tone. T he original ore­
o m T c1 in I ink-:-pa r len>= .- in the .·amlstone a11d al ·o di~;:emin:ued in a · ar. e­
gray . par that had r plac d the lime tone. 

Anotber <> roup of digo-io is I ·ated up the hollow a ln1o.-t ha lf a mile nbove 
the ?lla umee haft a nd a quart r of a mile below a mall fa ul t t hat runs ea t 
and we ·t aero the hollow. 'l'he opening a re near and on the top of a low 
ridge _-p ur on the left ~ide of the boll w. A ·haft, estimated to be 50 fee t 
de p, i on the top of the ridg , with it · collar at a n altitude of 750 fe t, 20' 
feet below the St. P ter sand tone. The ro ''' tak n fr m thi haft how.- the 
or to occur ch iefl.v in pink . par and gray par that ha,·e replat:ed sand. tone­
or le · · comm nly med ium-grained dolomite. The ore min ru l · arc emb deled: 
in len e or vein! t · of pink par. The o ri ~rinal ;:ulph icle ore was ro ·in jack, 
but it ha. been l arl!el ~· conver ted to arbonate of variou type:-. or to ili cate. 
l\lu ·h f it, howev r. WllR I ached on! ·omplet 1~· . lca1·iu!! n l~· th jack ca . t . 
A trnc r mnla ·hit n<'C<Jill[}flni th black carbon;H , and 11 !itt! cal<:it i 
a soc in ted with the pink .·par. 

Open uts v r an 1 r(>a nb ut 1 t in diamet r on th · le of the _pur·, 
15 f ct r so I low t h<' collar of th shaft, !<how a bed of ray . p:lr. about 3 
f t thi ·k, containing a litrl ca rbonat apparently llerived from eli. ·eminated 
ju •k. Thi.· h c1 O\' 1·lnin by abou t JO f t of and ·tone and und rla in by 
medinm-gra in d cl lomite. Bot h t11 and ·ton nne! th d lom ite conta in pink 
pa r that carrie . om carbonat . 'l'h e betll' ar po'" illy tb one fr m which 

th or was tak 11 in the . h<lft. The~· nls li nt about the . a m int rntl 
b I w tb t. P ter and how th am li tbolo ic typ . and equeu e a the 

Ma umee ;:haft. The horizon i probably the same. 
IHnmee proper ty i not known. Produ tion f rom 

haft b gan in 1907. and 1-0 ton of jack cou ntrate · nr report l to 
have b . n hi] l1 c1 in 19'10. Du ring l he World War f rc <·a rbon1tte wa. shipped 
from th property. but no ja ck i · r port d. 

Jl.fud Jlollrn .-'l'h :Uud Hollow property contain · two worldn" ' om eli ta nce 
npart. n pr o 1 t 1.- n the nortll ba nk f 11 ;:moll tr ihu tary to Mud Hollow 
from th ea t, nly n f w lnmdr d f t up from Mud Hollow. in the N"" -~ ec. 
15, T. 16 N., n. 16 W. 'fh e dev lopu1 nts ·ou i:t of a winclin o- tunnel, 0 fee t 
I ng, with an open ut at it portal, 25 f et long a long th ou t rop. The 
horizon is in the Everton f rmatlon , 25 f <' t below th t. P ter . The ore­
hen ring b \I · show th fo ll owing :· quence : 

::!. Fiu -grain <l gray dolomite. 
2. a ndy dolomi te, 1¥.1 fe t . 
1. Gray pa r, with pink-spa r dru es, 1 ~~ feet. 
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In th ~pen cut the ore oc ur in the tw lower m mi.J r and th ba a l part 
{)f the upper one; the tunnel i a1 parently I.Jarren of mineral, though it show 
pink-spar veins in the clifferent bed . Th ore taken f rom th pen cut is ro in 
jack a ociatecl wi th pink par in irre"'ular ern ks. 

The other pro pect on the prop rty i on th 11 ·t ban k o·f Mull Boll w only 
a f w feet above the bed of th reek and p rba ps 1,000 fe t up ·tr am from 
the lower pro p ct. The working b re I a bort dri ft , 25 f t into the bill. It 
is at the arne horizon a the lower pr p ct a nd how much the ame ll tholog~·. 
The mineralized fac is 5 fe t thick ; th upp r 2 feet i · fin ' to med ium-grain d 
dol omi te, poorly mineralized, a nd the lower 3 fe t i · :10dy dolomite, th I w t 
foot or o of which is repla e l by gray par. 1\Io t of th ore occurs in lhe 
lowe r 3 feet. The ore min ral I light r ·in jade It occur in vein. of pink 
spar as much as 2 in ·hes th ick, which may parallel or cro . cut th b dding. A 
small amount i di seminated in the gray :::pa r. Fine Cl'ystuls or chal c pyrite 
are commonly attached to the cry tal fac · of jack wher th · hnvc formed 
free in open lrn e in the v in . Zinc arbonatc, alter d ft·oru the jack, i of 
very minor occurrence. 

Hazcldell.-'l'he Hazcld ll pr pect i in the angle betwe n lud Hollow and a 
tributary tha t come in from th right. a[) ut "'00 feet abov th upp r Mud 
Hollow prop ct, in ~h E'h~ l<l 1/i · . 16, T. J.G ~ .. H. lU W. T he opening i a 
shaft, reported to be about 25 feet deep, with a sl igh t amoun t of drifting from 
it bottom. Th haft collar i about 15 feet abov th wat r lc\·el at the bed of 
the tribu tary hollow. The haft collar i 5 fe t below th t. PPter, ·o that the 
<>r e horizon i uudoubt dly the arne a· that in tb two l\Iuu llollol\- pro p t . · 

The or i ro. in jack ancl occur. a sociated with pink . par, in crack iu a 
medium 1o rath r fine grain d gray dolomite . . om of which i. v ry . nndy. 
The ra k contain numerous open druse in wh i ·b h jack and pink par ar 
well crys talliz d. Minute cry 1:.'11 of chalcopy rite are rather commonly pla t r d 
onto the surfac of the jack err tal . alcite occur a white opaque, poorly 
formed crystal ( rb rub, , average one ixtc nth of an inch in ize) that re­
semble those of pink par in general hape. Fine dru y quartz i. a minor 
constituent in orne of lhe dru · ·. A li ttle finely cry ·talline pyrite with ut 
any a. ·sociated mineral occur in certain rack in the dolomite. Be ·ide.· t h 
more u ua l occu rrence of the ore in crack~· . jack occurs o a minor ext nt el ls­
seminated in a rather fin e gray par. 

It i · reported that one carload of ore \\'U. . hipped fro m thi mine to J oplin, 
where it wa. milled. 

KL\lBALL CREEK-nO K flEE DISTR lC'r 

The Kirriball Creek-Rock Creek district i in northem ea rcy 
County on the ea t side of the Buffalo River. Th depo its on the 
Kimball Creek i lc have been commercially productive; those on 
Rock Creek have never been developed beyond the pro pect stage. 
The ores of the district occur in various lithologic pha es of the 
Everton formation. The only fault within the district i a mall one 
on Rock Creek showing a displacement of 30 feet. The ores are 
carbonate and jack Reliable estimates on the production of the 
district are lacking, but probably 2,000 tons of concentrates, predom­
inantly carbonate, repre ents a fair figure. 
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Ohurohhill.- Thi mine is in the creek bed of t he righ t f ork of Kimball 
Creek a few hundred feet a l o>e i t junction with the left fo rk, in the Slf2 rw lj1 

sec. 10, T. 16 N., R. 15 W. The working is an open cut, 50 feet a long the creek, 
30 feet wide, and 20 feet high at the back, on the righ t-band ide of the creek. 
A tunnel originally led back into the hill from the ba k of the open cut, bu t it 
was caved at the time examined. The altitude i about 560 feet; the horizon 
i in the Everton formation 300 feet below the St. P eter. The mineralization 
occurred on a small loca l monocline, triking N. 1 o E . and dipping 23° E .. 
who e cres t is at the lower end of the pit. The bed flatten out again 100 feet 
or ·o above (ea.t of) the cu t. The ore is rosin jack a sociated with pink spar 
in ,- inlets and sha tter cracks in a fine-grained dolomite. Locally th is shattered 
materia l grad in to a dolomite breccia in which the ore and ga ngue form the 
matrix. Very li ttle ore rema ins in the wall of the ·ut or in the portal regions 
of th tunnel. A rather la r"e mill was erected on the property, and consid,erable 
ore wa milled ou t. Much of the ore milled here, however, came from the 
Even ing Star mine. 

Evening Star.- This mine i on the right side of Kimball Creek near its 
head, in the lf2SE14 ec. 10, T. 16 ., R. 15 W. The horizon is in the Everton 
form ation 40 feet below the St. P eter. The strata show gentle warpings in 
variou direction , in place a much a 10° or 15° from the horizontal, but 
there i no evident break of any kind. The t unn l runs N. 70° E. into the bill 
for abou t 300 feet but i very irregular in detail and hO\YS numerous branches, 
pillars, and top d-out room . Most of the workin"s appear to have fo llowed 
zones of w ather in ~, pr bably a long original f racture zones that determin,ed the 
emplacement of the prim ary ore. The main l ine of the tunnel appears to 
foil w an ill -d fined ha llow synclinal ax:i over part of its course, along which 
some . ha ttering bad occurr d. 

1\Io.·t of U1e ore i concentrated in a 2-foot oft porou andstone that con-
tain mu h gr eni h clay, but or extend down to a di tance of 3 feet into 
the un<l r lying , t ra oda l lime. tone, the top foot of which is especially well 
min rnll r,ed. Thi lim . ton , wh re mineralized, ha been converted to coarse 
dolomit (gray par) with a greeni h Lay matrix. The ore zone is capped by 
a fin -grain d dolomite that form the roof of th workings. Thi dolomite is 
barr n xc pt where its lower - feet ba b en brecciated. 

Th or mar keted wa chi fl y zinc a rbonate, but there is orne ja ck. The 
ja k c u1-r d origina lly in pink par that fo rm th ick vein and replacement 
po l<et in the and tone and gray spar or that locally form the filling of 
dolomit br ias a long the lower part of U1e roof dolomite. Some ja k i also 
di , minuted in the gray spar and to a les , xt nt in the and tone. Chaleopy­
ri t and a lcite ar un common rran~ue minerals in the vuo-c:, and mall streak of 
pyrit occur in the clayey sand. Gyp um is a minor secondary product, Brown 
tallow lay has formed abundantly as an accompaniment of th oxid ized ore. 

The pr . nt walls are very lean, thou"'h probably the ore tal<en out along the 
main runs wa · much richer. Some j ack appears in the working f a ce, a few 
f t wi d , at the back of the tunnel, but it how no relati n to any f racturing 
that mi ht tend to continue i t into the hill. 

The production of the Evening , ta t·, mnd ch iefl y dur ing the early years of 
Lhe W r iel \Vn r·, is not known xactly, bu t r P r ts place it at about 1,000 tons 
of ·arbonnte. Mo t of the milled or wa trammed e,·era l hundred feet 
around the hill to the north a nd then lowered to the Churchbill mill, where it 
wa oncentra ted. 
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May I' · k ju t b low 
the Wll te t·fall over the St. P ter . and tone rim and 11 f w buntlr <1 feet upstr nm 
f rom tb EJ,·ening tar, in the S V~ Klj~ s c. 1 , T. 16 ., R 15 W. Th h orizon 
i immediately below the t. P tet·, bnt owing to the alteration and 
w atherin" to whi ·b tbe ll posit ha · been ubj tecl til xn ·t ontact betw n 
tbi and ton and the nnd rlyin" EJ ,· rt n fo rmation, whi h ontt~ i n:> s tme 
interb dded and tone, i impo ibl to fix. Th op ning i n hi gh tuun 1, per­
haps 300 feet Ion"', that run roughly para llel t tb fac- of th ledg anti h a 
connections \Yi tll the out id at both nds. Pt'H t ica lly a ll til or hfl . b n 
mi.ued out. The wall h '" 11 ntixtur of pink spa r , conr ·e-grained grny lola­
mite (gray spat·), and " I' ui b cln~· · This material hn . apparent!~· repined 
certain lim tone bed complet ly, with con ·idet·able olutiou .-luml)fL~ , and 
el ewber e ha · cro ut and Jl!ll'tlY r placed n b •d S to 4 f t thi ·k, of fine-grain d 
dolomi te tha t li el'< ;ju t below the sand ton ' · ri c.. \ ' in of pink spar nnd " in-
1 ts of gre ni h clay a J ·o xt nd up in tll ·andston that mny he a top . aml;.;ton 
of the EJ,·erton or the ba a l part of the t. P eter. The onl~· ore obs n ·ed wn ' 
a little zinc ca rbonnte in ccrtnin of the pink-spar ,. in. . API ar ntly the or 
body wa harply limited. A large amount of redd i ' ll lay ha form ll a· an 
a lt ration product in th mor pot·ous b ds uml ha ob · ut· d tl.le gt> lo""i 
r elation . 

1o reliable figures on th production of this p ror erty are obtainable. ne 
e timate of 100 a rload (about 3,000 ton ) of concentrate i. cct·ta in ly too 
large; the total i probab ly 1 than 1,000 ton;;. •.rtte mill in which tb r wa 
cone ntrated .·tand. on the t'i bt bank of th hollow only a h rt c1 : tn nc fr m 
the Evening ta r portal. What little ja ck tl.l re \\' H, ' in the ot· w~l. marketed 
as an impuri ty in the a rb nat . 

R1tby.-On Hock reek, in the norU1 a t corne r of T. 16 ., R 15 \V ., thcr 
are se>eral sma ll pro pe ·t , me of wbi h ha,·e been named. The Ruby haft 
wa drilled to a reported depth of 0 feet in the bed of th creek in the E% ec. 
11 but is now fill l by cr eek gra,· I. 'l'h altitude f the haft ollar is 
it· t ratigraphic horizon i in the E\·erton formation 20 f et below th t. Pet r 
sand tone. The haft i about 400 feet above a small ea t-we t fault that bow 
a downthrow on the nor th of about 30 feet. '£be dip of tb beds f r veral 
thou and fe t up trea m from tb fault i · v ral degr e down. tr am (t th 
north). The rock on the dump how two t.vp: of ore--(1) ro in ja ·k di 
nated in gray spar and le commonly in me lium-gmined dolomite, nncl (2) 
ro in jack a ociated with pink par in cracks and replacem nt rna ·e · in a 
medium-grained partly andy dolomite. Much of the di . ruinate l jack in type 
1 is r ather fine grained, but some of the bleb· in the <>ray par ar as much as 
half an inch in ize. T h gray spar conta in · numerou. gre ation of pink 
spar. It also conta in and admixed in . ucb a way a to ugg st that the gray 
spar may have replaced an original be1 of nd.· tone. The jack ma · sin type 
2 attain 2 in ·hes in size. Minute cry. tal · of chalcopyri te are a.· ociated with 
t11e jack in tbi type. 

A quarter of a mile or more above the Ruby shaft, at the fir t main fo rk 
of Rock Creek, 2 or 3 other pro. pect open in : have been ntade at a horizon in 
the Everton format ion about 40 feet below the St. Peter. One of them, a hort 
distance up the left fork, bow · pink spa r and ro in jack witll ome carbonate 
in a fine- to med i um-"Tain d dolomite breccia . In anot her on on the right . i le 
of the forks tbe jack i dis eminated in a gray ·par. The dip of the strata in 
this general loca lity is perhaps 10• down ·tream. 

Winchester.- '£his pro pect i.- located in the Elh sec. 11, T. 16 ., R. 15 W., 
on the right bank of the I ft prong of Rock Creek, 1,500 feet above the main 
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fo r l,s. The openi ng i. an old shaft (or tunnel ?), now fill ed, who e colla r is 
5 fe t a bove the bed of the creek and 25 feet below the t. Peter . and:tone. 
The or e is rosin jack and occur a. ociated with pink spar , fi ll ing i r regula r 
era k in med ium- to fin e-graine l dolomite wh ich is in pa r t a ndy. Much of 
the dolomite has a «reenjsh tinge dne to conta ined fl eck of a clay mineral. 
A !i tt! of th e jack i eli seminated in andstone. 

DoUa r.- T his pro. pect lies perhaps ha lf a mile or more up a s teep t ributary 
of Rock reek f rom the left, in the , E l4 sec. 3, T. 16 N., R. 15 W. The 
working i an old-t ime haft, now caved, who. e colla r li e abou t 20 feet below 
the t. P et r . Th a lt itude of the shaft coll a r is around 650 feet, which is 
about 5 feet above the bed of the hollow. The tr a ta in the neighborhood of 
th haft d ip per eptibly to the nor th a t a n estimatecl angle of 5•; thi dip 
is maintai ned a t lea t as fa r a Rock reek. The ore on the dump i rosin 
jack a ·ociatecl w1tb pink pa r and occur in ands tone and al o in medium 
and fin gr a ined clolomit . A little of the jack ba been a ltered to gray and 
black a rbonate. 

P ANTHER CREEK-IN GRAM CREEK DISTRICT 

P anther r ek i on the w . t ide of the Buffalo River and Ino-ram 
re k i on the a t ide ; both ar in outhern Mari on County. 

The depo it a re few and cattered o th at the di trict i not a very 
compact unit. The d po it occur in the E ver ton f ormation. The 
ore min rals are hiefly jack and zinc carbonate. P ro l uction f rom 
the di trict ha not been g reat. 

, otter . . - 'l' h"i. pro. p t i on the right . lope of Ingram reek nea r it mouth, 
in the . E% e . - 6, T . 17 -.. R. 15 W. Th cl Y I pment con i t of two or 
th ree !':hort tun n I . the long , t On<:' <:>nt ring the h ill only JOO f et or o. 
'l'he llori7.on i. in the E1· rton fo rm ation 25 f et below the t. P eter andstone. 
Th oun tr,1· ro k i dolomit , wh ich in plac is om what andy. Mo t of 
th dol mit i rot h r fin e gr ai n d. but tlle main orl"-b aring bed. which 1 
a bout 3 fl" t thi <:>k. grnd <:> in t xtur toward medium g ra in. It con ta in indefi­
nit ch r t hnnrlf' along" th bl"dtling. 'l'he underl~• in l! b <1 , 1 foot thick, is chert, 
appnr ntl y tle t;,·l"d from the . ilicificati on of n dolomi te in tend of a lime. ton . 
Thi b d nlso cn rri c;; or!". 'J.' h h i f ore hori zon of th p ro p ct, h we,·er , 
i · al on~ th ntac·t b tw<:> n the two bed,. 

Thl" ~ tt·n ta dip in I! ncrnl to the nor th n;::t. in to th hill. at Ail "'ll"i: as !!l·ea t 
a 4• or 5• , bu t lhc <li p i:< iJTI'!o:Ul a r in both a mount and direction. Ther has 
bN~n conf' ic! N nbl<:> S{JU<:'e7.ing of t.h or -bea rin g- chert b d. a nd . ome Io a ! br -
elation of th fin grain c1 dolomite tha t un ci t·Iie it. Th breccia con i t 
of bl ck a foot or . o in ..; iz . but th hlo k have not b n gr atly rota t d, 
t::howing tha t th('Y ~·ere produc<:> cl c1: en ti ally in pia I" by only ,· li ght mo,·ement. 

Th ore 1. mix d ro, in jack and zinc ea t·bonat , n, ;;oclatecl wi th p ink pur, 
and oc ur in ru k in the doloml t ot· in ct·a k and irregula r pock t in tlle 
ch r t . The ca rb na t includl" both gray an d bla k Ya r ietic. . A li tt le cha lco­
J)yri tl' and n tl itc a re Y<:> ry minor con: ti tul"n t.. The 1 ink pa r i mu h m r 
abun clant than the Ot'C minera ls a nd form. th ma trix to the clolomit breccia . 
with llttl or no a compa nying or . A Yery ma ll amonn t of the jack i dis emi­
nated in th chert. 

Big B ell.- 'l' hi. mi ne lie on th righ t s id of P nntlle t· r ck at the big bend 
In e ·. 2{), T . 17 ., R. 15 W. The horizon i in tbe Eve rton fon u ation immedi­
a t ly under tb f!t. P ter sa ndstone. The opening is a tunnel ahout 140 feet 
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long, of which the I t -±0 fe top -us out into a room 40 fe tin di amel r and 
about 15 feet high. Ela t of th working· the trata dii to the w t at au 
angle of evera l degree , but at th mine lb dip flatten almost to borizontnlily. 

The ore-bearing rock i chiefly bcdcl d chert that ontains eon pieuou ea rns 
of gr eni ~h clay; there is al o interbcdd c1 quartzite, containing much lc ·s ore. 
The chert, where it bas loca lly replaced the quartzite and perhap el whcr , 
contains micro. co pic grain · of feld::;pa r ( orthocla c and mi -ro li n ) . ln the 
room at tb back of the min , 15 f t f tn ta ar' miucraliz <1, lh U" h un-
venly, owing to th alternation of chert with re lntiv ly barren quartzite. 'l 'he 

origina l jack wa dis eminate l in the cher t, being concentrated along rta in 
bedding plane to fairly rich ·heet au inch or two thick, nl o mbC'<ld d in 
pink- par ' in that line the chert and quartzite, hicfly along bu t a! ·o aero 
the bedding. La rge jack cry tal· were fo rmed n the roofs of rta in olution 
ea>-itie in chert. with ,·cry li ttl a . oc iatctl pink spa r. Mo t of th ja ·k ha 
been leachecl out or oxidized to black ca rboua t , nod me of the pink ·par 
ba been replaced by carbonate. 'I race of mnlachitc occur in tbe black cn r­
bo·nate. Tallow clay has developed conspicu u ly durin" the oxidation. The 
ore zone is underlain b.y fine-grained dolomite, which i banen xc p t for a 
few pink- par vein! t.' that may contain a little jack. 

A la rge mill on th property i now in ruin . 
I n the pring of 1927 the Elaglc-Pich r L ad o. drilled a pro pe ·t hoi , begin­

nin" on top of the t. P eter sa nd tone led"e outh of the mine. T hi hoi went 
th rough the St. P ete r (35 fe t) and to a n additi ona l depth of 125 Ccet into the 
E verton formation. No video e of min ralization of a ny kind wa ~ tru ·k in· 
the hole. 

Big Find.-This pro pect li we t oC the Big B 11 , up a mall hollow that 
is tr ibutary to Pauth r r ek. The working · arc two tunnel on th 1 ft 
bank, 5 feet aboYe the creek b d, on 35 feet long. and the oth r , 50 feet to 
the west, cav d nea r the portal. The horizon i in the El~ertou formation 30 
feet below the St. P eter. 

The country rock is interbecld ecl cher t and quar tzite. In the west tunnel 
there has been a fl exure eli placement of a foot or so, down on the east, which 
has led to ba tt ring of the beds. The ore i mixed jack and carbonate and 
occurs as ociat d with pink spar in th shattered rock, partly a· a primary 
replacement. A little jack is dis ·eminatecl in the chert. Chalcopyrite i 
present as a minor gangue mineral, and zinc ili ate i · subordinate to carbon­
ate a an oxidation product. The carbonate in ·Jucles both black and crys. 
tal line gray types. In the east tunnel the pink sr ar and jack occur chi fl y 
in bedding vein in undisturbed chert; the material is of low grade owing to 
the great predomina nce of the pink . par. Th chert l · re sh w gradat ion.· into 
barren lime ·tone. 

LittLe Stm·.- Thi pro pect lie in th bed of Panther reek , a . bort di tance 
below the waterfall over the St. P ter and. tone, in ec. 20, 'l'. 17 N., R. 15 W. 
The main drift, which is 100 feet or more long, enters the left bank at an 
angle up t rea m and is at present ha lf full of water. The horizon i about 
30 feet below the St. Peter and. tone. 'l'here i. al o au old filled haft a lmost 
in the bed of the creek opposite the tunnel, and a second fille I haft ju t under 
the St. Peter rim on the right side of the creek. The dip of the strata i at 
a slight angle upstream. 

The ore-bearing rock · are a porous ·and tone and a very coarse-grained 
dolomi te (gray spa r) that contains interstitial greeni h clay. The sand ·tone 
and dolomite may be curiou ly intermottletl in place . The ore is mixed r..Q_sin 
and black jack and occu rs di seminated in both types of rock and also, in 
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a ociation with mu ch pink spar, in cro scotting and bedding Yeins and 
irregular replacemen t pocket . A t race of cha l opyri te ac ompa nies the jack. 
A little oxidation to zinc carbona te has taken place. Tbe ore bed i. overlain 
by 1 foo t of qua rtzite, an d then by fi n - to medium-grain d dolomi te (17 feet) 
and lime tone (10 feet ). 

RUSH CREEK DISTRICT 

The Ru h di. tri ct , as the term has heretofore been under tood, 
i · a rather compact area eA-tending from the B eulah mine an:d the 
t wn of Ru h on the northwe t to the ilver H ollow mine on the 
outheast . a di tanc 'Of about 2 mile . The distri t , a thus re­

~tricted, includes t he lower part of the Rush Creek Valley, the lower 
part of the Clabber Creek Valley, and the contiguou portions of 
the Buffalo River Valley. It i c::hown on plate 4. 

Out ide of th di trict proper there are everal cattered deposits 
in the Rush reek drainage ba in above the town of Rush , and for 
the ake of completene the e deposit are included with the Rush 
' r ek di tri ct in the pr sent report. They occur at vari ou hori­

zons and in various types of rock in the Everton formation. ome 
are only pro pect · other ha,-e produ ed 'Ore. The limax mine is 
the only one of them that i very clo ely com1ected with a fault. 

The ore d po its of the re tt·icted Ru h li trict are related to 
tho Ru h reek, Mont r i to, and ilver Hollo"· faul but lie in ore 
runs in th vici nity of the faul rather than on the faults. The 
Edi h- llow Ro d po it and th R e 1 loud c1 po it are on the 
extended lin of the Ru h r ek fault but beyon l th point wh re 
it show an. - icmificant el i plac ment. The d po it 'Of the djstrict, 
excrpt th B ulah, occu r chi fl ' in lime bone and m dium-grained 
dolomi t in th Ev r ton formation. The R ed loud Lonnie Boy, 
L ader, Ph ilad lphia Monte ri to (upp r ore 'Z1 ne) Capps, the 
upp r l ,- l of t h 1\I Into h t he upp rm t 1 vel of the Morning 

tar (at th top of th open pit) and 1 robably the Eilith and 
Yellow R . e all lie at th . a.n tratiO"raphic horiZ' n-namely, in a 
di continu u ly dol mitized lim stone who e top i about 160 feet 
b low th . P r sand ton . The top of the mineralize l tratum 
al o li s from 36 to 44 fe t below the ba e of a and ton e ledg that 

betw n 2 and 5 fe t and avcraO'e abou :1: feet. 
nt key horizon for th Ru h 

di trict has been pr ponder­
antly carbonat , but a ll th dcpo i carry more or le s unoxidized 
ja k, and this wa,· the chi f product f th Beulah, of th arlier 
working · at th Wl ite Eagl , nnd of the later workinrr in the 
Silver Hollow and Philadelphia mine . tati tics 'On the produ tion 
of the district ar in ompl te, but an e timate of 26,000 ton of con­
e ntrat s, ba ·ed '{)J1 partial stati ti c" i believed to be con ervative. 
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Perhap a quarter of thi ha been ja k. Outlying mines in mor 
di tant par of the Ru h reek drainag ·y tern a ·ount for an 
~dclitional 450 ton or o of arbonate an l 0 ton · of ja k. The 
:Ru h Cre k di tl'ict ha thu produced far m.or than any 'O th r ju 

northern rkan a . 
In the following detail d d ri1 tions th out.lyino- I rope rti 111 

the upper Ru h reek drainao-e ba in are taken up fir t . 

south. The ore horizon i 
St. P t r ·audstone. The working con i"t of u ·haft ><un k dlr t ly In th 
b d of th hollow ; a drift. barel y below tbe b l of th' h ll ow, runn ing up ·tr Hm 
from t lle haft nlong the strike of the b dding; a nd a "' ntl in ·line, about 50 
f eet long, running frottl a point nNtr til top of the · ha ft into th left ban k 
of the hollow and pa ·s ing into a natura l ca,· at the r ar end. Tbe loca l dip 
at the portals i 5°-10° S \\ . (up t ream); wi th in the left ba nk, a· hown in th 
incline, the dip i 5°-) 0° NW. (a wn.'· from the hollow) . Th r bed i abou t 
4 feet thick a nd con io:t d origi na lly of alternating and ·tone a ncl lim tone, 
bu t before ore deposit ion ir w Hs iii ·ified to ·h rt. ft is uml t·la in h.r limestone 
.and o,·erlnin by a fin -::!rained gra y dolomite tha t become · m cl ium-gru inecl 4 
f thigh r . 

Tbe ore i · a high- ra d '· fre " zi nc . iii ·nte that hn. he n de rived by oxida­
tion from ro in jack. A little black jack i mix d with the r idual ro in ja k. 
The jack was ori"'ina lly both d i " eminat <1 in th eli r t and con · ntt·at d al ong 
sea m in a o iation wi th pink par, which o CU t'" 11bundant1y in the re bed 
a a gan:rue. Dut·in the oxidati u of the ja k U1e pink . pa r in tb amc 
seam · was u · uall~· di>'s •ln•d out or a lt reel to n r ~ltli sh el;u nf gr <ltl y r tlu c: d 
volume. leav iug the . ill ate con. itlerably nr iched. :\Iuch of th pink ;;par that 
was not :'O i ntimately mix d with rhe ja k ha b en al tered to a brown material , 
a mall pa rt of whi ch b; a form of ziuc ·ili<:at that ha · r placed the or igina l 
pink spa r. a lcite o u r in small a mount · a· a aangn . a nd som of the 
black ;s ilicate ca rri gre n ·OJ per s tain.:. 

No ore bas h n hipped f r m the prop rty. but a pile of hi!!h-grad silicate, 
e timated at a l out 10 tou ·, li son the dump awaiting hipment. 

Mattie Mcty.-This mine i at th head of n . hort ea ·t bran h of a large 
hollow tr ibuw ry to Ru,;h Creek, probably in the S\V".4, ·ec. , '1'. 17 · .. R. 15 W. 
It li e on ly a hort di ·tance no rt11we t of the ma in r ad in to Ru ll. at an alti· 
tude of 95 feet. The h or i:~:on i. · in tb Bverton fo t·mation about 25 feet b low 
the t. P ete r andston e, althouah the t. Peter due · not cr p out at th mine. 
The worl,ing i a drift into the hill, a bout 2-o feet long. 

The ore o ·ur: in a zon of lime. tones, ·andy lim tone ·, nncl ·ancl tone that 
oc ·upy an in ten·aJ of or 9 feet within a ·eri of medium-grained dolomite . 
The ore i fur ther re:tricted to certain bed within this interYal , mos t of it 
bein" confined to two bl'd:. ori <>inally andy lim tone.·, that are s pa1·ated by 2 
feet of more or les · barren sand:·ton . The Lower bed i.· about 1 foot th ick and 
tbe upper one 2 ot· 3 feet thick; n ith r i s harply . t off in its compo ition 
or bedd in"' from the adjacent sedim nt:. Only the upper bed carrie ore at 
the back end of the drift. The limy pha e of th e ore-bearing beds have been 
mor ot· le · replaced irreauJ :nly by medium-grained dolom ite. Silicification ac­
e mpanied ore depo ition, altering the ore bed· to chert or, wb re the original 
rock was dolomite, to a mottled cherty dolomite. A "'reeni ·b-elay alteration 
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proclu t i pr ent in th e mineralized bed. a nd a l o inter t itia lly in the dolo­
mi te bot h abo\·e and below. 

The ore o curs in u r un, not more tha n 30 feet i n wid th, that fo llows the 
line of an in ·igni fi ·ant mono ·Iinal flexu re. T he zone of mo t in tense 
min erali zation is on l.v 5 f et or so wide. At a point 150 feet f rom the portal 
the wall of the tu nnel how .· me breccia tion , with the a ddition of certain 
dolomit and qua r tz ite f ragment from a sli ..,.h t ly highe r Je,·e i t ha n the ad jacent 
bed , bu t con id ring U1e mine a a who! the beds a re Yery little el i turb,ecl. 
The ore con. i ·ts of carbonate a nd mixed r o in and black jo.ck. It o curs 
eli eminatecl in the ell rt or a ' ociat d with abundan t pink 1 a r in bedding 
v in 01· irregular r pl a ·ement pocket al ong tb hedcl in", or a a matrix to 
the b t: ccia men tione<l . A very mall a mount of pyrite accompanies t he ore 
in the br ccia . The a ndstone b twe n tb e tw or -bea ring beds conta ins 
cro cutt in"' ,·einl t. a nd ma ll r placing bleb · of pink pa r, bu t \Yi thout 
a ccompa nyi ng ore. Mo~t of the ca rbona te 'nl . ta ken f rom t be f ront end 
of the tunnel and f rom the open ·u t a t it · porta l. l a r t of i t had replaced' 
pink pa r in cl r u B ron·n tallow clay wa 

gre"'a tin "' cbiefty in the pink-. pa r dru se . 
end of th e tunnel has been more la rgely jaclc 

fo r llled in the oxidized ore, 
T he pro luction f rom th, back 

The ore bed in plac . "'i,·e. way to gray pa r con ta ini ng irregula r e"' re"'a tions 
of pink . pa r. , ucb ma .. e: of mi xed gray and pink spa r a re comm onl y coexten­
h ·e in the t wo ore-bea riu b d. a nd tend to appea r on the borde r of the 

min era li zed ma . They a re u ua lly ba rren. 
Abou t 100 ton· of concentra te have bE*'n mill ed on the :Hattie 1\fay proper ty 

~i nce t he mill wa . put in, a round 101 , but it i repor t d tha t 350 or 400 tons 
f O J' wa tak n out as f re carbonate or. before that ti me. ~fa e of higb­

grutl ·a rb nat or \\' il!h ing 0 to 400 J10tmcl · " ' r ~ metimc encoun tered 
du ri ng this ea rlier p riod. ,'ome of the or talwn f rom th porta l region of 
t h mine i r ported to ha,·e been tu rk ~- fat. l'ract i ·all ~· a ll of the com mer-
inl protl uctiou. according to repo rt , lla b n ca rbonate running le t ha n 1 

]Jer · nt of sul ph ur a nd ns much a. 4" p rc n t of meta lli zinc. 
,!ng/AJ·illll ricm1.-Thi. prop rty i. low n the r ight s ide of a la r"e hollow 

t ri butary to Hu. 11 rc k f rom th sou th , a shor t ll i tan e abo,- t he mouth 
of t b bran b con ta ining tb In ttl May mine. It i probably in the Wl,4 
s c. , though po ibl y in the c. 7, •r . 17 ., R. 15 W. The hori?.ou is 
in the ]J; ,· r ton fo rmation 150 fe t r morg bf' low tb 

Tb op n ing i a drift \\"ith three or fo ur bran 
.f<'et. 'rh worl;lngs f How w ather d cl.ll y-fiJI . d cr Yi 

g r a t va ri abili ty in tll ' id tl1 nnd heigh t of their cro. ction from 
t At t il> por tnl th c un t ry rock i li me ton , in part . a udy, 

but un d rgroun 1 th li me t nc has b en r placed b~· cher t or gra y pa r . Iu 
pi a e the ro ·k has b n brecciated or . bow viden ·c of lo ·al t ilting, but 
s uch mas· s a1· not ·p cia ll y or b ariug. The !'ela tion . are reu tJ~· obs ured 
by the lnr"'e amoun t of cla y wash ove r the wa lls. Abundant pin!' pa r h.a.s 
c1 v loped o · iiTegul a r replac m nt ma noel a · bedding nncl eros -cutting 
velnlets in both t b,e b del d h r t and the gray spar, but i t i ·iugula rly barren 
of ore. The nly r noted wa a li ttl(' ja k eli seminat tl in che rt or de,·e loped 
in the vnriou o cun n e of pin!;: spa r, wi t h calcite a nd a tra ·e of chalcopyr ite 
a a dditional minor gangu mineral ;; . 

It i. r potted that "ery litt le if an .Y r e wn e,· r 1 tark!:' tetl f rom t llis mine_ 
Cc. bcrt.- Thi prosp ct i on the l<'ft lop of ltu h re Ic a bou t a quarter of 

a mil uboY it· junction with C'old 'Yat >r H ollow, in lbe E ~ .ec. 12, T . l7 N .• 
R. 10 W. The open in' i n sma ll irregula rly fingering tuuu •I \\' ho e bac.:k fac (• 
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i probably 200 f et from the outcrop. The b rizon i·· in the E ,· rton form a­
tion 6 f e t b low the St. J oe lim tone. The open ing fo ll w a clay cr ,.i e 
in sandstone and li my anclstoue that overlie lime tone. 'rbe riginal min­
e ra liza tion a ppa1·ently occurred in the sanely pha e nncl wa nnrro,vly on­
fin ed to a fra cture, bu t all the ore bns 1 een taken out. .\ !i tt! . howi.ng n 
the dump i zinc ilicate, wi th ome jack , a nd a .. ociated pink par. Th m tn 
is r por ted to ha,-e b en unprofitable. 

0/imax.-Thi. min E' is in a hollow t r ibutary to the l ft pron "" of Ru 11 r ' k 
from the south. in tb e W l;.i t E J4 e . 1, T. 17 N., R 16 W . T he a ltltud i 
810 feet. Th work in"' con ·i. t of one or two ca ved haft on lhe left ba nl' 
and a hort curving tunnel, now full of water, that goes in to the right bank 
from tb bed of thP. hollow. These workings lie 40 fe t below th t. Pet r 
sandstone, 200 feet outh a nd on the upthrown side of the limax fa ult. The 
throw on the fau lt i here about 0 feet. The strata dip into the fault at an 
angle of a bout 10•-15•. 

The· ore is mixed black and r o in ja k and occurs in cracks a nd r plac -
ment pockets in a sandy coa r e-gra in d dolomite (locall y and ton ) , in a o-
ciation \Yith pink par, calcit , and a trace of hale pyrite. om jack i a l o 
dis eminnted in cher t . in bleb aenerally half an inch or l in . ize, thongh 
some reach 1 inch. Thi s cb rt ha · e\·id ntly r placed the dolomit . It on­
tains numerous greeni h streak , colored by one of the clay minerals. 

The sma ll mill that wa once pre Pnt on the property has been burned down. 
'l"he complete production of the mine was not a certa ined, but i t i r por t d 
to have produced 40 tons of cone otrate prior to 1907 and a bout 40 ton m r 
in 1916. 

B eulah.-This mine is on the right banl' of Jabber reek in th NWlJ. W V. 
sec. 3, T. 17 N., R. 15 W . (pl. 4) . The main \\·ork ing i. a tun nel driven from 
the back of an open cut a t an a lti tude of 54 fee t, about 1 or 20 feet above th e 
le\·el of the creek. A haft ha been unk f rom a point 12 feet or so ab v 
the creek, a bout 500 f t ou thea t of the portal of the tunnel. Th workin 
a re on or near the axi of a flat yncline tha t h·end northwe t and pitche at 
a low a ngle to the southeast. The horizon of the tunnel is in the Everton 
formati on about 40 feet a bove its base. The shaft penetrates to a somewhat 
deeper horizon, as its collar i at about the stra tigraphic level of the tu;nn ·l 
'\TOrldn<>s. 

!lo t of the ore wa taken from the open cu t in front of the tunnel and from 
.a la rge room, about GO feet in diameter, ju t in ide the entrance of the tunn l. 
A drift runni ng 0 feet southward from the back of this r oom is in tight ba rren 
rock, bot another one rmmiog 100 feet outh westward contains con. id.erabl 
o 1·e a long its wall . Both of these drifts formerl y ended in raise. to U!l<' 
surface, bu t the raises are now caved. 

The ore-bearing rock i · a fine-grained gray dolom ite, which becomes medium 
g rained in a few places. The ore is chiefly ro in jacl,, in masse that ma~· 
be se,·eral inches aero s, as ociated with conside rable pink par an d a li ttl 
calcite ancl fine d rusy quartz. A trace of cha lcopyrite appea r~ as minu tt' 
crysta ls. The ore occu r in cracks and shatter zones in the dolomit a long 
loca li7.ed zones of very sli"'h t fl exure. The sh·uctural defo rmation is ver~· 

s light an d i. undulatory in d ifferent direction , although the "'en ral d ip i. 
to the sou thea. t, down the plunge of the ynclina l axis on whi h the min e i f' 
located. One mineral ized ·hatter zone on the wet wall i on the axi. of a very 
small monoclinal fl exure, expo ed in cro ·. section, that eli. places the beds only 
a fo ot or two in a di. tance of a f ew fee t. The small structural features t btl t 
determine the actual posi tion of the shattering cannot us uall y be worl,ed ou t, 
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owing to their slight extent and their flatne , but flll are evidently mere details 
of expre · ion of the larger sy nclinal structure, to which, in a broader way, 
the shatterin" can be a cribecl. Owing to the irregularity in the shattering, 
the thickoe s of the ore varies in different places, certain s toped-out masses 
appearing to have b en 7 or feet th ick. 

A . mall amou nt of the jack ha been oxidized to a da rk brownish-gray 
ry talline carbonate, which ommonly form a coating on expo ed surfaces 

of ja ·k cry tal·. Carbonate ha also replaced pink par. A trace of aurichal­
<:ite appears in a fe'" vug. a th in p~ le-green cales on pink par. 

'£he dump of the shaft hows a larger proportion of the ore in medium­
grained partly andy dolom ite than at the tunnel, nlthouah the type of occur­
rence and the mineralogy of the ore and gangue are much the same. No 
carbonate were ob ervecl, however. An additiona l feature i the pre ence of 
ch rt, containing some eli. eminated jack, that ha . replaced the dolomite either 
next to the ore cracks or along bedding planes. 

The Beulah property produced about 500 tons of jack between 1901 and 1903. 
It wa fo rmerly equ ipped with a mill. ore drilling on the property is repor ted 
to have revealed ore in each of five hole , and the maximum depth of ore was 
250 feet. 

Morning Sta1· and Ben Oantey.--;The. e two mines, lying adjacent to each 
other, are at pr nt ov.-ned by the arne company and will be de cribed to­
ether, a the developments are continuou from the one to the other. They 

lie on the nor thea t lope of Ru h reek abo,·e the town of R u h, in the Wlj~ 

ec. 10, T. 17 -., R. 15 W. They are opened on a fracture running about r. 

so· w., parallel to the face of the hill, and appa rently belonging to the system 
th:'lt i. bett I' display d in the apps working , only a hort di tance to the 
snulh ast. '£he :llornin"' tar mine i. a huge open cut, 400 feet long, 100 
fe t wile at the top, and 40 to 50 f t deep. At it outhea t end the Ben 

arney tunn 1 ext nels for about 600 fe t toward the Capp working- . At 
pre nt the und rground wo•·ki ng of the Ben aroey and Capps a re on ly about 
400 f et apart. The a rney work ing a r not acce ·ible, owing to cave-ins, 
and th orc-b aring rock ha been almo t completely remoYed from the Morn­
ing . tnr pit, I a\·ing th barren lime ton wall . According to Brunner' report, 
tb fmctur n which the Morning tar depo it i located bowed a displace­
m nt at on pln e of about 3% fe t, d wn on the outhwe t, but o much rock 
ha b n r mov c1 ince Branner Yi ited the property that evidence of th i 
fault no longer r maio . n the north a, t id of the pit severa l short tunnel 
ha,·e b en drh'eo northea tw11 rd into the hill from the bottom of the open pit, 
but mo;o;t of th have be n in barren lim tone. One, however, i in chert 
that conta in thin 1 n e of mixe l black and ro in jaclc a long the b dclin"' and 
a l · con ·icl rabl dis eminat cl jack. Th gangue i drusy quartz, developed 
nlong the b dding. ome of the jaclc i alt red to black carbonate that con-
tain a tra e of malachite. p n the hill north we t of the main 
iorning Star pi t show eli min a ted jack in ilicifi d lime tone. 

Th floor of the fo•·ning tar op n pit i in lim tone on iderably below the 
1 vel of the b d that cnrri s the ore at the apps mine. ear the exit of the pit 
th limy And. t n that cap tbi ore bed crop· out at the top of the pit, 55 feet 
nbove it floor. The ore bed here a rrie c nsicl rabl zinc carbonat . ome 
of lh last worl' don on the property, in th fall of 1927, '''a at thi lev I. 
'J'he deposit is not well exposed but, ex ept for more thorough oxidation, i 
probHbly hnilu r to that at the Capps mine c1 scribed in onsidcrable d -ta il on 
pag . · 202-205. 
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'l'he Morning Star ha been famous in the pa t for the larg ma · ·e · of fr 
botry ida! carbonate obtained fr m it. The w r fouml iu th d ·omp ·eel 
clay along the line of the fra ·ture and undoubtedly r pr .·ent the richer min­
eralization alon"' the lin of th e run. l\lu ·h of this ca rbona te wa turk y fut. 
A remarkable .·pecimen , weighing 12,750 poun l -·, took a prize at tho hicago 
World' Fair iu 1 93. r.rhi p ciruen wn · hauled by team from th mine to 
Buffalo ity, on the White River, wh nee i t wa freighted by bar lo the 
railroad at Bate ville. Another inter ·ting sp ·imen of a cliff r nt typ , in 
the collection of th lnt that h:ts 

The Momin« 

developi11g the ore, who metallic nature wa a -· y t unkuown to them, th y 
had an a ay mttde whi<.:h r ported the ore to b zin a rbonate IJut ' hi ch al 
erroneou.ly r eported it to ca rry 8 a ton in ·ilver. Two meltermen wer 
a cordi11gly brou ht in and detail d to build a mall rock melter in which the 

il\·er ore could b r duced; thi. · wn · in 1 2. 'Ih fir t run of the ·mclter pro­
duced a spectacular display of zinc-ox ide fume· about the sta k but th 
expected silver did not ollect in the and molcl· at the bottom of th furnac . 
'Ihe li com·agecl miner· offered to trade th ir pro pect, with th melter thrown 
in, for a box of anned oy ters worth , 2.50, but th offer wa · reject d.' Th 
remains of the old metter till tand in the lane just a t of th M rning Star 
Hotel at Rush. 

The complete production of the 1\lorning Star i not known but ha b en 
rather large. For the long productive p riod prior to 1915 the only figur s that 
happen to be available are for J907 and 190 , when 231 ton and 200 tou 
respectively of concentrate· were produced. Accord ing to melt 1· • ettl m •nt 
beets in the files of the l\Iorning 'ta r Mining o., the prod uction from 

temi.Jer 1915 to the -ud of 1917 wa 370 tons of fr >e ore nntl ·oncentrale · (97 
ton in 1915, 162 in 1916, 110 in 1917). Thi · or wa carbonate, rarely c:1 rrying 
more than 1 to 3 percent of ·ulphur. During the arne period th B n arney 
produced 1,357 ton of carbonate (422 ton in 1915, 54 in 1916, 3 7 in 1917), 
but it al o, like the 1\lorning tar, produced mu ch ore earlier than thi . Both 
mine ·, but especiall y the Mornin" 'tar, have produced ome jack in a ldition to 
th carbonate. ince 1917, the Morning Star, Ben arney, and Capp mine 
ha\'e been worked by the l\lorniu« Sta r iVlinin" 'o., and no attempt ba . been 
made to reco rd the production of each mine eparatel,r. In 191 , 53 ton of 
concentra tes were marketed by the company; in 1927, 205 ton ·; aucl in 19- , 
160 tons. P erhap two-third of thi total production came from the l\l orning 
Star and Carney mines. 

OctJJ1JS.- Th i mine is on th northeast lope of Ru. h Creek, lHtlfway up tb 
hill, a little le. · than half a mile below the town of Hu ·h, in the srq4 ).'\"\ 14 
sec. 10, T. 17 N., R. 15 W. The horizon i in the Ever ton formation 170 fee t be­
low the t. Peter sand. tone. The formati n here i · ·omposcd of alternating 
lime tone· and dolomite . some partly andy, with a minor am •unt of and tone. 
The working is an irregular-shap d tunnel with Se\· ril l interconnecting brancbe · 
that tend to fol low a north we ·terly d ire tion fr m the portal- the direction of 
the obscure fractures that have go,·erned the empla em nt of the ore (fig. J3). 

•• This historical summary Is condensed from two papers-Ruhl, Otto, Pn t and pre ent 
of zinc mining in Arkan us : Min. an<l Eng. World , vol. 35, p. 376. 1011; him. , Tom. 
Eurly day in North A•·kansas zinc <ll strlct: Eng. and Min .. Tour ., ' 'O l. 110, p. 165 , 1920. 
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The greater part of the ore wn s taken from a bed 5 to 10 feet th ick which 
in different places and a lso in the same working face varies between dolomite, 
chert, and lime tone. The dolomite i · in large part medium-grained, bu t there 
is some fin - ra ined dolomite that may be banded in the other or else may form 
more ma sive bed ·. T.he ch rt i · in places banded with the medium-grained 
dolomite on a fine cal : not uncommonly the . eparate bands are as thin a a 
quarter of an inch. In other part of the mine the ore-bearing interval may 
be a lmo t entirely ma ive chert or ma ·ive dolomite, or there may be blocks 
noel lense of unaltered lim stone. In the southea . t .·ide of the underground 
working , but probably acros the ~1clnto h property line, the bed changes 

l 

Flouns 13.-Plnu of fractures. 

laterally to barr·en lime tone. Throughout the mine the ore bed is both under­
lain and ov rlHiu by lime.·tone. The overlying bed js only 1 to 2 feet thick and 
i. capped by a very limy saud , tone, 1 foot or so thick, that commonly form the 
roof of the underground working . 

Although ome minera liza tion hns occurred nearly verywhere in the ore­
h aring bed wherever it compo ition i dolomite or chert, mo t of the commer­
cia l production wa taken from the runs cle1·e1oped along o·b cure fractures in a 
uorthwe ·terly dir ction. 'I'he e fractur generally how no Lli placement and 
are visibl chiefly a long the roofs of the drift· a ob cure hatter zone a long 
whi ch the bedding has been d , troyed. Here and there the fracture show in 

60i!71-3r. - 14 
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the roof a 11 eties of parall I vein over 11 width of 2 or 3 feet, each vein 
than an inch wid . One fractuTe zoo ( · e fi g. 13) ho,,· · a di placement of 
about 3 feet, down on the north, with' accompanyin"' brecciation. Another one, 
in the northel1 t corner of the working , i appar ntly related to a brec ia feet 
wide that cro cuts the beds her at a te p angle, triking approximately with 
the main fracture sy t m and dipping . tceply to the north. Both of the· 
breccia a re min ralized to some extent, but the commer ially important or lie 
along other fractu res that how no evident di placem nt. Althou""h mo.-t of 
tbe ore i confined to the main ore bed, mineralization along the fractur ex­
tended up into ov rlyin"" bed a far a 15 f t, lbou"'h g n rally not mot· than 
5 feet above the base of the andston that form the r f of the min , and in 
one place down into th underl yin"' lim tone for a few f t. Adjacent to the 
mineralized fractures th lime tou both nbo,·e and b low the main ore horizon 
are ilicified to distances of 1 to 3 feet. Such a r lat ion betw en silicification 
and fracturing is not con 1 icuous within th ore bed prop r, but lhe rock remov d 
in stoping out a long the run may have shown it. 

The fractures are parallel to the Ru h Creek fault and, are evidently due to 
stresse produced during it formation. The tru tore map of the Ru. h eli trict 
(pl. 4, ovet·sheet A) shows that the Capp workings r. re approximately at the 
crest of the flat plunging anticline produced by drag' on the ma. ter fault. The 
blocks bounded by the various fracture how differ nt though low clips. One 
block toward the northwest limit of th working dip:; 6• N. T• E. Block 
southwest of this one dip at a lower angle and more to the outheast. On the 
whole the detailed dip i · extremely variable, and the attitu le of each block can 
be defined only in term of its av rn~e dip. which i more cn~ il .'· obtained by 
inspection than by any d tailed mea. ur mont. 

The ore of the Capp mine i mixed jack and ·arbonnte, alth ugh most of 
the output has been carbonate. The jack is mix d ro in and black. The ca r­
bonate is typically of the gray cry talline (botryoidal) typ , but much of it 
is of the black cru ·ty type. In addition there i ome massive granular car­
bonate, on the edge of certain pocket , that may have replaced dolomite, and 
a little carbonate a lso occurs as ·mall gla y rhombohed ral crystals in vugs. 
Still another type (egg hell) forms white cha lky layer. in or shell over th 
botryoidal type, or it may occur as a white clay in certain vu""s (flour ca r­
bonate ). Zinc ilicate is pre ent paringly in high-leyel working. Rt one place 
in the northea. t corner of the mine. The gangue mineral are pink spar, 
cakite, and coar ely crystalline quartz (lkinch to l -inch rystals). The pink 
spar i · by fa r the most abundant. Felcl par (adularia) i a microscopic con­
stituent of the chert. Recld i h tallow clay i developed abundantly along with 
the oxidized ore .. 

The re occur prominently in replacement pockets in t:be dolomite and 
chert, e pecially in the dolomite. Some of the po ·ket are dru. y and ha>e the 
shape of solution channel . Much of the ore i al o in bedding vein , as. ociated 
with pink . par, or in similar cro scotting veins. The chert contaiJ1s di emi­
nated jack, though irregularly, generally in blebs that average around a quart r 
of an inch in size. This di eminated ore shows no relation to the fractures and 
i genera lly of too low grade to work. However, a stope has been driven on 
mineralized rock of this type at the very back (northwest) end of the mine, 
and much of the ore, though of low grade, wa. mil led . The dolomite, even where 
interbanded on a fine scale with chert that carrie. el i · minated jack, carries 
none itself in this form, except very rarely. mil l! amounts of ore and as o­
ciated gangue occur in veinl ets in sand tone above the main ore-bearing bed. 
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The Capps mine wa. opened up in Augu .-t 1915. Ore was t rammed around 
t he hi ll to the northwest for a little more than a quarter of a mile and milled a t 
the Morning ' tar mill. According to smelter ttlement sheet in the file 
of the Moming tar Mining Co., the production f rom September 1915 to the 
end f 1917 was 120 tons of concentrates iu 1915 (September- December ), 430 
ton. in 1916, and 650 tons in 1917, a tota l of 1,200 ton . This ore rarely 
carried more tbau 2 percent of ulphur, !).nd a la rge part of i t ran 1 . than 
1 per ent, t hu · avoiding the penalty. At the same time, premium on a rload 
Jots for 2 or 3 percent of zinc in exce s of the 40 1 ercent ba is wer e not unu ua l, 
even when the ulphur ran le than 1 percent. Cadmium wa not generall y 
r por ted in the smel ter assays, but one carload lot contained 0.204 p rcent of 
cadmium, according to the smelter report. 

The Capps was the la. t producing mine ill the Rush eli trict, bein"' worked 
by the Morning Stat· Mining Co. at irregular intervals up to the pring of 
192 , when it wa finally clo eel. Production since 1917 ha amoun ted to per­
hap 140 tons of concentrates . 

.ilfclntosli..-This mine lies adjac ut to the app , outhea t of it, in the 
' \Y:~NE* sec. 10, T. 17 N., R. 15 W. The two are connected by underground 

working. . The Mcinto~h ha two le1·els, 30 feet apart. Each of the e levels 
IJa . a portal to the out: id , and t he two a re onnected by a winze that goes 
clown near the portal of the upper one. 

Tbe conn t ion with the app i made through th upper le1·el, which i 
at the same stratigraphic horizon as the apps (p. 203). The mineralization 
wa very similar, a lthough . omewhat le · extensive. The m dium-f(ra inecl 
dolomite which i ra ther wide. pread in th e Capp aud which wa most ri chly 
mincraliz c1 is pre ent near th upper portal a nd extend nortbwe !:ward, 
Jla ra ll I to the . urface of the hill , toward the a pps portal, but in a drift 
directl y in to the bill from the Mcinto ·h portal the ore-bea ring- heel change 
f rom dolomite to ba rren li me tone, 65 feet from the portal. The de•elopment 
of th 01in i · thu li mited to a zone ncar the outcrop of thi bed. Fu rther­
m r , tb amount of dolomit in the ore b d decrea e towa rd the app , ancl 
som of th ground between the two mine i limestone, incompl t ly r placed 
along th bedd ing by chert that ontain only a mall amou nt of dis minated 
or . The thi ckne of the miuera lize 1 zone i al o omewha t le in the. 
)'[ ·J nto ·h upper level tllan in th nly 4 or 5 feet, thou"'h 
in plac reach ing 7 or feet. 

'J'he ore wa tal,en f rom nortJ1we t- outhea t run , on the ame fracture 
~~- tem a tho ·e in the app. . ne of the fractures, rullllillg . 45° W. and 
cli pp in"' 60° " ., shows a displacement Of 4 f et, down on the outh. The 
ell placem nt d cr a e toward the apps to z ro near th proper ty li ne. 
Anoth r f racture, ru nning ' · 73° W. aud dil ping 75° N., drop the heel on 
the north 1 lh feet wh re it ro e th drift in barren lime tone, 100 feet 
north ast of tb portal, but there has been no mineralization in th is place. 
A. tlli. br ak acco rd wi th th main fracture sy tern of th two mine aud 
wn . probably formed at the ·ame time as t11e other , i t appen rs that the 
cha racter of the rock ra ther than th pre ence of a break i more influential 
iu ontrolling ore d po ition. The block between the fracture trike •. 70• 

o w. and dip about J.O o 
Tbe lower 1e1· l i de,·eJor d iu medium-"'rained clolomit and chert at 

r. horizon tba t, tmdcr t he apps working , i occupied by lime tone. Gra lation 
to lime. tone sbow in the i.\IcTntosh working . The or , as in tb upper 
worldngs, is cone ntrated along f ra ture , one of whi 11, striking N. 45° W., 
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how a tlrop of n f w inch . on th south uml i prubnhly the >'fllllP a · the 
f ra ture in t ll upper workings mentioned nbo ,·e. 

A ,;;ood pnrt of th :\J cln tosll or wa · tflken from a lar"e open en , 150 
f et wide, 1 0 feet in to the hill , and 50 feet dE-eP nt tll bn k, at the l ,·el 
of the lower porta l a nti extenclin" np to nml abo,·e the horir.on of the upper 
l Yel. 'J:he back of thi ut h w · con ·iclernb le ed u nc of br elation in 
the r eli: along a line pn rall ~ l to th~ main fra tore -_,. ·t -m of th !Jill , nul 
probably tb mi neral izat ion in tb cut wa · Ioca lizecl along this f ractur . 

'l'he M In to h ore L' mix d ja ·k and cn rbonnte of the . a me type a. in the 
'app. '.rhe or mny b eli '· miuated in chert or dolomite, or it mn~· c ur in 

IJedding nucl cro:s · ·uttin"' ,-einl et · and in itT gu lnr repla · m nt pock t.·, as ·oci­
nted with abundnnt pink spa r, in the:;e ·nm r ck t~· pes. The richer or i in 
dolomite ra ther than in ·bert. A small amount o ·cu rs wi th a bun hlll t pink-spar 
gan" ue, in dolomite br ccias produced by snm ll ·t ructura l moYem nts. 

Beside pink pa r. which i · th e principa l gau«ue, CH icitc and quartz nrc c m-
mon. ome of the qua r tz oc ur:; in cry ta l · a · much as 2 inch aero . Mala-
chi te a pp ar.· spa ringly in the black fo rtn of the zinc carbonate. 

Production du r in" the early jla r t of 1915 amounted to 100 tons of cop en­
t rate . Later. durin"' t he peri cl that the mine wns ope rated by lbe J. C. 'hep­
herd i\linin" o., it procl uc d H ton f concentrates in 1!)!15 (-! m n th ·) and 
169 ton · in 1916- a total of 417 tons for the 2 year ' . M t of thi. wa · en r­
·bonate carrying a round 40 pe r · nt of zinc, bu t a Ia rg part f it wa · pennlized 
for . ulphur up to 3 or 4. percent due to ex ·es. jack ). Th or 1-va · mill •d on 
the bank of Ru 'b re k, immecliately b low the min , And wu · ;;old on a ba ·i 
of 40 per en t r.iuc. 

White Ea.gle.-The White Eagl mine and mill are situat d in a fi e ld on th 
left ba nl' of the liuffalo Ril·er ju ·t b I w the month of Ru,;h reek, in the 
NW~ S\Vl,I.J, ec. 11, T. 17 :\ ., H. 15 \\' . The main worh:ing i · a haft at th 
ba ·e of Ru h i\loun tain ami at the back edge of the a liU\·ia l fl at, abou t 40 
feet a b v low-,-.;-nter I ~e l of the Buffalo. It i ' report c1 to be about 65 feet 
cleep a nd to haYe workin "'s from it foot that extend outheastwarcl 400 feet or 
more to ome point nea r but below tl1 Ie,·eJ of the river. Develo11ment bas 
b u hindered by exce ·s ive around water. I n a udition to the haft, tunuel 
working have been made into the hill about 100 f et abo ,·e the collar of the 
shaft, bu t all the !rifts were. hor t {t taximum 0 to 70 feel), a nti tJ1 procluc­
ti\·e ones are now caved. 'Ibe deposit are in the Ev rton formation, the ore 
hor izon in tJ1e bottom of th shaft being about 225 feet below the 't. Peter. 
T hi ' i the lowe t developed horizon in the Rush district xcept for the B ul a h 
and lower ilv r Holl ow r un ·. The tunnel work ing on the hill above the 
haft a re about 5 fee t below the St. P ter. The haft i practica lly on the 

axi of the sha llow yu ·li ne on which tile Beulah and Lonui Boy ur . i tuated. 
The ore from the haft, to judge from the rock on th dump, is lar ely m ixed 

ros in a nd black jack a nd occuJ.·s in ma. ·s s a· much n 
bandetl in chert, ·ili ·ifiecl saud. ton , ancl pa t'tly Uicified medium-gr a ined 
dolomite. A little ja ·k i al o eli. ·eminat d in the cher t. 'l'he ore i a .· ocia tecl 
wi tb d ru y quartz and a lit tle pink par. orne of the jack in the sandstone 
ba .· been oxidizetl to a high-grad ·' cry ·tallirJ ca rbonate, both "'ray and flesh-
olorecl. The ore run i · reported to be 4 to 6 f eet thick. 001 of th 

upper tunnel work ing.· a r barren, but one or. t he fl at n e of th e hi ll hows 
·onsiderable gray crystallin carbonate a nd a litt le I lack ca rbonate, in . ilici­

fi ed andstone. Some of the origina l jack is preserved, either dis.·emiua lcd or 
b dded in the cherty andstone; it i mixed ro ·in a nd black. 
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The Whi te Eagle i an old-time mine. having be n worked a . ea rly a 1 96, 
but the mnin hnft was itlle lut·ing the period from 1914 to 1917, when mo t 
of the northern Arkansas min yi lded their greatest production. Owing to 
th long period over which th e property ha been intermittently worked, 
the tota l I rod uction i not known. The commercial product of the shaft 
ha al'ln1ys been jack. J . . Branner report. that t he property ha d produced 
500 ton of ore ( hipping gn1de) before 1900, a nd Alex '. Hull , in the Manu­
facturer ' R ecord for Augu ·t 30. 1906, r eports 50 ton to that date. In 1915 
and 1916 the upper tunnel workings yielded about 275 ton of carbonate con­
centrate . It i.· probable that tb :e figure approximate the tota l production 
fo r the mine. 

Edith ctna Yelloto Ro e.-Th ·e ore dcpo:it · are eolo"'ically one a nd the 
same, only the nccidenta l po ·ition of n pr pPrt~· l it~e cnu:ing them to be 
worke tl a two :epa ra te properti . They are on the left bank of the Buffalo 
River, 60 feet above low wat r, abou t a quarter of a llli le above the mou th 
of Ru h reek. The Edith i · in the extreme southen . t coruer of ec. 10 :l nd 
th e adjacent outhwe t corner of ec. 11, T. 17 N., R. 15 \\.; the Yellow Rose 
i in the northea t corn r of ec. 15 and the uorthwe t corner of ·ec. H. 

onsiderable liti ga tion occutT d a to the exa t po ition of the " ction corner; 
the line was finall y re-run and th e corn er e tabli ' hed at a point about 100 feet 
outhwe t of th e Ed ith shaft. 

The locality of t he mine i one of d ep ro k cle ay, IYi th no sur fn ·e ont(' r p . 
The horizon is in the E1·erton fo rma tion ab ut 160 f et below th . t. Pete r. 

a r di rectly in the line of projec.t ion of the two termina l prong 
reek fa ul t, but whether eli plac ment on t he. e two prong pend t 

a · fa r outh a. th worl<ing i not kuo\\'n. If such a el i pla em~?nt does 
occu r it mu. t he mall, but the localization of the ore depo it is e,·iclently 
clue to the ha tt ring pr clu ·eel near the ~?nd of the e fa ult . The under"' roun d 
working wer inacce sible at the t ime the property \\'<IS \' i itecl . but a map 
by hn rles L Y n s ur ho11·s fuur fractu re tm1· r in"' th untle r,grouud 1\'0J'k­
ing-. in n northw t rl y di rect ion, 11-hich i the tl ir tioo of the xtend cl prong 
of UH~ Hush ' reek fn ul t. 

n tb E dith pt·op rty nsi t <.1 of 11 . haft. 50 f et c1 ep to the 

worked in Ia rge 

rived from th s ilicifi ation of lime ton or dolomite but a i ' O in ilicifieLl and-
tone (quart7.i t ) . A litt le of the carbonn te i;o turkey fat: anoth r type, pres­

ent in ..:mall a mount , i · made up of mall tie h-col red rod:. 1'he ori "'ina l 
sulpbicl from wl\i h tb ca rb nn t wn · deriv d appca t· to hal'e bePn eli · mi­
not d ' in tb e ch rt, but some of the rock on t he dump hOIYS rosin jack eli -
s minuted in a med ium- ra ined 1 artly iii ifiecl do lomite. T bi Llolomite on­
tain.· pink par al ng th partio"' plane . Pink . par and a little en Ieite ar 
a· ·o iat d with ·ome of the ore in the <:h r t. hnl opyri te is p r nt in trac . 

Roth the Edith a nd Yellow R o e hncl mill s. Ae · rcling to ba rle. LeV a s eur, 
th Ed ith produced about 2,400 tons of cone ntrates iu 1915, 1916, and 1917. 
The Yell ow R o , a co rding to tati tic kept by t he co mpnny, 1 r tluced abou t 
2,150 tons in 191 17. 
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Re<Z OZCHuZ.-This m1n is on the ou tbcast bank of the Buffalo lliv r, a 
qua rter o.f a mile above the mouth of Rush r el• , in the NWlA, sec. 14, T. 17 N., 
H. 15 W. Th openi ng i a large irregular- haped tunn I who e eparate drift 
anti tope· occupy an ar a 00 feet loug f rom uorth to ::;outh antl 500 fe t wide 
from ea t to we t ( fi g. 14) . Tb re are fo ur openings to the urfac on the 
no rth and we t ide.. . T he tunnel i c1 veloped 011 a certain b d rather titan 
on a cer tain leYel, wi th the con quence that i t floor ·bow num rou · incline' 
that refl ect in a general way the tructure of the rock . 'l'he two outhem 
po rta l ar 25 feet higher than the two at the north, wbi ·ll in turn are 7 
f et above the level of the river. 

'l'he horizon i ·· in the EYerton fo rma ti on, 150 f t b 'low the .'t. r ler ' <lml­
"tooe. Mo t of th workiug } r in a lim tone al tered to m di um a nd coa r e 
grained dolomite and to ch rt, ju t below 2 or 3 fe t of impur .:nodstone. 
'i'hi · and ton i markecl th rough pa r t of the min by br ia fragm nt · of 
fine-"Tained dolomite and chert (the ·ber t havin" in all p robabi li ty be n lime-
tone originall y) , as much as 3 or 4 inches in iz . ix lucile bel w th top 

of the sa ud too i a 10..ioch bed of medi um-grain cl dolomite. If this b r1cl cl 
sancl tone, ,-.,,ith its dolomit sea m, i di t ingui ·b cl from c t·ta in "sol u tion 
and tones" that a re p rominently dC\'e loped in part of the min and that 

repre ent the in oluble re icl ues of andy dolomite , it becomes a ·on,·eui nl 
key bed for working out U1e t ructur of the mine. Overl ying tb . and tone 
i at 1 a t 20 feet, and perha p more, of fine-grained da rk-<> ray dolomite. 
slightly coarser-grained in i t ba al 4 feet. The rock fo r e,·era l t n. oC feet 
below the mine workin is largely limestone. 

T he mine i directly in line with tile Ru h Creel( f ault, and it i inter .'tin 
to note that the structural trend in the mine are from north\\' t to outb a - t, 
pa rallel to that fault. Four mall fau lt how in the mine, and three of the. e 
not only t rike pa rall el with the main Hu b fault but how a imilar di ·plac -
meot, down on the southwe. t. The greate t eli placement noted i ab ut 10 
feet. One of the e fault is e.xtendecl to the southea t by a notic able fl xure 
ra rher than an actual displacement, and the beds southwest of the tlexur dip 
to the ou tb at angle between 10• and 20•. A monocHnal fl xure that ·tri ke · 
omewhat more we terly than the e fau lt but that drop the bed. in th 

oppo ite (northea t) direction a total of abou t 15 feet is pre ent n ar the 
northeast bounda ry of the working . This flexure bre elates the coun t ry ro ·k. 
and probably some of the di placement howo on it is taken up by faulting. 
I t is evid ntly the local expres ·ion of the small east-we t fa ult that ho\\·: 
in the t. P eter sand tone on both ide of the Buffalo River (pl. 4). 

The whol e ea tern boundary of the workin o- i form ed by a barren br ccia 
of fin e-grained dolomite block , with ome sand . tone blocks, in a matrix of 
sandstone that i near!~· very,;-here calcareou · or dol mi gc. Thi breccia is 
>ery irre"'ular in ground plan, and its ba e, at lea t in plac , lope in . to 
judge from the relation between expo ure · in cer tain pilla t and in the 
a djacent wall of the workings. This breccia is b Ii eved to have b en fo rm d by 
olution slumpage, due to the circulation of gt·oun d water throu"h rock pt·e­

viou Iy battered by o:tructura l moYcment. Although it i s barren in the 
ense th a t it contains no commercial ore, it does contain a few Yeinlets of 

pink pa r that ma:v in place carry a litt le jack, and it may also . how local 
veinlets of cher t with tl i: eminated jack. It is thus earlier tba n ·ome of the 
mineraliza tioo and i. believed to be earlier than a ll of it. 

Very little ore has been left in the wa ll of the work ing , but the location. of 
the more richly mineralized stopes were pointed out by Mr. J esse J am s, of 
Rush, and have been plotted on figure 14. The mi nera lization is seen to bave 
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followed in gen ral the northwe terl y trend hown b~· mo~ t 

structural fea ture and to have oc urr d chi fly \Yh · r t re. ha ; o 
relieved by fiexnr s rathe r tha n by I un-cut fau lts. The minernlized ar a at 
the outh end i . on th lop of a mon clina l ft xu t·e that fn rth L' to the 
north" e t i relieved by a fault. The minera liza t ion in the nor th a tern pat·t 
of the mine may have been related to shattering pro lucd by the brok n mono­
cline a lready mentioned, but the a linem nt of the min ra lized area· is mot· 
nearly northwest, aero the trend o'f this monocline from it · dO\\'nthrown to 
its upthrown side. Thi · tr nd is more n <l rly along the axi. of the low anti lin 
shown on plate 3, o;er heet A. Even in c rtai n tope ·· \\'h r n . pecial 
minera lization ·ha record d, the uorthwe terly alinem nt i rath r 
noticeable. 

The minernlization wa .appar ntly ind p ndent of the b undnri . of lhe 
solu t ion breccilt , except in ofa r a both are appa rently re lated to origina l . light 
shattering of the rock by t ructura l movem nt. It would s m thnt futur 
pro pecting should be guided by the tructnral trend and that if the border of 
the breccia retreat to the ea t, n sugg ted by the exi. tin"' de> lopm -nt. · at 
the ext t·eme outhea t nd of the working , a po · ibili ty of 
picldng up, beyond the bre cia, th run of r t f rom 
portal 2. 

The or -bea ring rock at the horizon b low the ke~· sund -tone i · a omplex 
mixture of bedded chert and dolomite. The dolomite exh ibit· all texture· f rom 
fine to coar ·e gra in I, although the coa t er-grained typ s are <lon inant. Thes 
different rock type · n.n1y occur ·epa rately or banded to ther , or more ·omruouly 
the chert may fo rm the main ma of the rock with the m dium to coa r · 
dolomite ""ra in · mbedd d in it in all proportivn -. 'Ih underlying ro k i 
lime:tone, re 'du.al len e of wbi b in pia .- li aboYe the lower li.mit of the 
minera lizat ion. The th ickne of the min ralized zone below the k y and. ton 
is variabl e. ranging from 30 feet near portal Z to 4 f et a hort distan ·e 
in: ide of por ta l 4.. There is no ;cry clo r lution b t'''ccn min mlizcd a reas 
and ei ther dolomitizecl or silicified area , except thnt in on pia e an-incr a e 
in th product · of mineralization along a certain run i: accompanied by an 
increa ·e in the amoun t f chert ov r t hat . hown in th e adjacent comp;tratively 
barren wall . A little gray , par oc ur in a f w pia .- ill the lime ·tone b low 
the mineralized zone or below the olution breccia . 

The or i · e ·sentially ro in jack and zin ca rbouat , a· ociated with nbundallt 
pin.k . par, nncl occut· in repln ·em nt pocket· and l n. in tl1e t hert and 
dolomite. Considerable TO&~ 

,·einlet . Di minatecl g rain· of jack are ommon in the chert, thou gh 
inegularl~- eli tr ibut d; they are much I .-.- common in tlle purer dolomite ... 
Ill the ore-bearin"' ro 1• a rou nd tbe border of the olntiOf! br cia, numerous 
la rge open olutiou cha nn els, lined with d ru . y pink . par but ge1 era lly without 
ore, ar fairly common, the la rge t one noted being 5 fe t wid and 2 to 4 
fee t high, with an und terminecl lenoth. In a few place th l;ey sandstone 
ca rries a litt le ore in cro ·. vein let or in repla ·ement pocket .. 

At the Yery back (sontll) end of the mine, ow in to tbe d ip of the trat:-1, 
the key sancl. ton e clip._ nnd r the fl oor, ancl the o,·erlyin ~ fine-grainNl dolomite, 
fo r evera l feet ulJoYe the .·anclstooe, is mineralized by tb ti ll in" of hatt r 
crack · (fig. 14). 

'.rhe ja ·k i dominantly rosin-colot·ed, with a little intermixed black jack. 
The carbonllte. be:ide. the usual crysta lli ne and porou bin k type , n1uy be 
a white or tie ·h- ·olo red vari ety that lla. r placed pink .·pur, ot·, loca ll y, it may 
ha,·e directly replaced th fine-grained dolomit above the key :;and. tone, and 
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in that ca. e i t may be hard to uistingui ·h ex· pt by weigh t. Acce ory min- . 
era I. in ndclition to the al undant rink ·par are tran~parent to pal -amber 
·alcite, in CrJ· ta l as much a G inch .· ae ro .·, whi h may occu r in ore Yng 

or in the large ba r ren ·olu tion chanuel ; fine to coa r ·e gra ined quartz; and 
· attered ·mall ry. tals of chalcopy ri te, a lt red iu part to malachite and 

auricha lci te. Felcl ·pa r ( orthocln . e, rarely microcline) i a micro · opic con­
stituent of the ch rt an l of th interstitial lay in c<>rta in of the ol ut ion 
breccias. Pyrite i c nspicuou in n few place a small replacem nt len es 
in the fin~grained dolomite or in the key sand tone. Gypsum and ep mite 
a re a lteration product clo e to oxicl izinu py rite ma s s. 

Tl1e pr cluction of tb Hed loud mine ha · been made o,·er a long tim 
and compl te tati 'tic are not a,·ai lable. F rom eptember 1, 1900, to :\Ill rcb 
1, 1913, the Red loud Zin · o., <Lee rding to detailed stati tics in the pos e -
ion of apt. harle L Ya ~ eur. of Yell \'ille, proclu ed 2,6 1 ton of concen­

trat s, ·on. ·i. tin;.( of mixed ja ·k and Ct~rbonate, in wbich the jDck u ually 
pr dominated. The mill reco,·ery during tlli · period ran between 4 and 4¥2 
percent concentrat ·; tlH~ mine re o,·ery (concentrate. p r ton of rock mined) 
ra n between 3% and 4 per· nt. Ko figure. are aYa ilable on the production 
between Ma rch 1913 and Ju ne 1915. Between la te June 1915 and Ma rch 1916 
th G rtrude l\lining o. (Zimmerman & cofi lcl) accord in"' to . melter 
settlement he ts in th file of the Morn ing Sta r l\Iining Co., shipped 828 
to11 of concentrate~ f rom the Reel loud mine (642 tons in 1915, 1 '6 in 1916). 
'l'he concentrat ~· re ma rl>etecl as carbonate, ca rload lot ru nning 36 to 
4·0 percent of zin ·, 1 to ' (genera lly le · than 6) percent of . ul ph ur, and some 
of tbe.m up to 5 per ·ent of iron . 'l'he J. hepbercl ~linin "' o. to k out 401 
tons of con entrate in 1910, be"'inning :March 1, and 30 ton iu 1917. · :Uost 
f thi product wa ca rbonate, aYeragiug a round 40 percent of zinc but ca rry­

ing a penalty fo r ulpbur, up to G or 7 percent, due to admb:ed jack. The 
mill reco ,·e1·y during 1916 i. re1 or tecl to have ben 10 to J2 pt>rcen ~ con­

ntrat . 
Betw n ept mb r 1915 and th nd of July 1917 con ·i cl mble ore from 
ih· 1· ITollow, >l f w hundred ya rd Ul f rom the SilY r Hollo\\' mi.J.1 , wa 

mill d at the lled loucl mill. The land f rom \\'hich thi ore wa takeftl 
that of the Buffa lo Zinc & opper o. Its O\\'n r­

ontrol wa ling ly if not nti rely the snme n · that of the l ed 
loud, but th producti n wa k pt pa rately. It produc d 3' 4 tons o£ 

ca rbonate cou entrat s during the time that Zimmerman & Scofield had 
ba rg of the H d loud (2' 2 tons in 191~, 102 in 191G) and 335 ton under 

J . bephel'(l '.· ruanag;emcnt (2 7 to u in 191G, 4 in 1917). The working 
a r caYed and \\'C l' not examin d in d tai l by tl1e writ r. 

L on111ie Boy.-'l'he Lonni B y pro pect is on the outhea ·t ide of the 
Buffalo llir r dil'e ·tly oppo ite th mouth of Hu h 'reek, in the SElJ.SW1,4 
sec. 11, T. 17 ~ .• R. 15 \V . Th worl;ing · ·on i t of two tunnel , about 100 
fe t apart, xt ncl ing .·outhea ·t into the hill at a Je,·el on ly 12 feet r o abo ,·e 
the Iow-\\'nter . tn"'e of the Buffalo. Th ~· are therefore ubject to inunclution 
at time of high wnote1· uucl hu,· b en hu·<rely fill d wi th flood sand. The 
u p tream tunnel goe in about 250 feet. It fir t 100 f et wn the on!~- "·orking 
n ce s ib! at the tim the property wa examined. 

The g olo"'ic hor izon i in the E ,·erton f rmation 170 feet b low tb t. Peter 
sand ton . Th op ning lie on or near the aAi · of the shall ow yncline on 
whi h th e B ula b mine is nl o loca t d. The porta l of the two tunn 1 are in a 
rna sive che rt br c ia zone that pa ra llel the face of the bill but apparently 
doe not extend back into the bill a ny eli tance, as the rock. buck of the portals, 
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both outside and inside the tunnels, a re not ,·ery greatly eli ·turbed. Thi chert 
breccia resulted from silicification along a zone of br cia t ion that was pro­
duced by orne li ht t ructural mov ment. It contains very I ittle mineral 
(zinc carbonate) but i iron-. taiued, presumably f rom pyrite. 

Within the upstream tunn I the b cl are pra tically undisturbed except for 
an obscure fra cture on the roof at the rea r end of a hort lateral drift about 100 
feet from the portal (fig. 15). The ore-bea ring tr ata on.· is t larg ly of bert 
and quartzite, whose mutual relation are rathet· obscure. l\Iuch of t ile chert 
is evidently derh·ed from the s ilicification of a dolomi te or pos ibly a lim -
stone, but some of it appears to be derived from and ·tone, perhaps a more 
limy facies than the and tone that i altered to quartzite. In addition to the e 
silic ou type medium-crt·ained dolomite that i banded with chert carries a 

N 

r 

li ttle of the ore. 'rhe ore-bearing interval 
is only 3 feet thick and i underla in by 
lime. tone. 

'l' he ore i. chiefly a high-grade ro in jack 
a nd occurs in pockets and irregular crack · 
in the diffet·ent types of country rock. Some 
uf the ma. e reach a foot or o in size. A 
little j ack i a! o eli eminated in the chert. 
Part of the jack is oxidized to blaclr silicate 
and to various type of carbonate : black, 
honeycomb, black and gray cry talline, and 
turkey fat ar all common , althougll the gray 
crystalline type is most abundant. Pink 
~pa r a ·compan ies the ore in the dolomit 
but is not so common in the chert. D\'u ·y 
quartz, some of it in cry tals a much as 
half an inch in s ize, i a common accom­
pnn im nt of the ore in the chert. A. trace 
of finely cry talline chalcopyrite occur 
with the jack and, on weathering, appears 
n. mall malachite pecks in the black car­
bonate and silicate. 

25 o 75 Feet 
ww~~--J---~--~ 

The L on nie Boy ha been very li ttl de­
Yeloped but is a p romi ing pro pect. Abou t 
150 too. of ore bas been taken out, mo t 

FIG ' !Ul 15-- Plan of L onnie Boy mine. of which was free carbonate and silicate. 

A. small cru ·her that was formerly on the property bas been washed away. 
L eader.-This mine is in the E1,4NWl,4 sec. 11, T. 17 N., R. 15 W., on the 

north slope of Leader Hollow about 500 f et above its jun~tion with Clabber 
Creek. The property joins the Philadelphia on the a t. 

The horizon is in the Everton formation about 160 feet below the St. Peter 
sand tone. Tbe workings consist of two short tunnels a nd several open cuts. 
The we tern tunnel is driven west diagonally into the hill for 125 feet and is 
essentially parallel to and about 150 feet outh of the Monte Cristo fault, 
which here ~how . a eli placement of abou t 20 f et. Th b d" in the mine a re 
nearly horizonta l and unbroken on the north ·ide, toward the fau lt, bu t the 
south side shows an abrupt flexure, along a line roughly parallel to the drift, 
that drops the beds 2 or 3 feet down on the south. This break is parallel to 
the Monte Cristo fault, and the displacement is in the same direction. Tbe 
shattered and partly brecciated rock along it has be n ·ilicitied and carries 
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most of the ore. The rock in the portal and in the north wall of the tunnel, 
a lthough less broken, is neverthele s silicified and contain some ore, the 
maximum thickness of the ore-bearing zone being about 4 f eet, with mo t of 
the mineral concentrated in the top 1 foot. Where the original rocl' is pre­
sen· d at one point on the north wall, about 50 feet from the portal, i t con ·i ts 
of limestone and limy sandstone, but the chert that elsewhere ha replaced 
it contains a high percentage of fine- to medium-grained dolomite, either 
int rbanded with the chert or el e peppered th rough it as individual cry tals. 
Th chert has is uch r ock replaced dolomite or el e has s le::t ively replaced 
the lime. tone of a partly dolomitized bet!. The more andy bed haYe altered 
to quartzite. The ore-bearing bed is OYerlain by 6 inche. of and tone and 
underlain by sandy limestone. 

1' be hief ore mineral howing i>< r o. in jn k, whi h occur with Yery li ttle 
ns,oc-iated ga ngue matelial, banded r disseminated in rh bedded bert or 
filling tb cav ities of the chert breccia . The cavity wall· in the chert commonly 
take the form of fine drusy quartz su rfaces. A very small amount of pink 
spar occurs in scattered cavities in the chert, but compared to that in most of 
the other prospects in the E,·erton formation, the amount is negligible. Traces 
of malachite show in the more spon"y ca rl onate. 

The ea tern tunnel run . 70° W. for 60 feet and is 50 feet clos r to the 
~lonte h:i to fault. It lies at the same horizon as the we tern tunnel, but 
the walls show more dolomite and le s chert. The original ore wn. Yi· 
dent! ~· d posited alon a similar structural break, a- mu ch of the ro k i 
I recciated. The rock ha been more tron)!ly weathered than in the other 
tLm n I. ancl the ore was more dominantly carbonate. 

::\ln, t of the ore marketed from the Leader prop "rty was gra~- cxy- talline car· 
bonate. ;;omc of it tu rkey fat. e,·eral carload are r ported to ha,-e been sold 
before 19 5. According to the records of the J . C. Shepherd Mining Co., the 
produ ·tion of zinc ca rbonat concentrates, averagin"" a little more than 40 
p rc('l\l r zinc. wa ,· 175 tons in 1915, 415 ton in 191 , and 36 ton in Hl17, 
a total •f G2li ton-. The ore during thi later peri od of operation wn tramm d 
around tll hi ll and milled at the Philadelphia mill. 

P hiladclpllia,.-Tbis mine, one of the most product!\· in tile Rush di trict i 
on the left hill . lop of Clabber reek, 160 feet nbove the cr ck bed. about half 
n mile from tb<:> BniTalo Hi> r. in the ::-IWJ4r \Yl/t sec. 11, T. 17 X .. n. 1" ·w. 

The horizon i in the Everton formation 160 f et below the ~ t. P t r and­
. tone. The blef working i a tunn I that o-o a bout 1,200 f et in to the bill 
nlong the line of a , mall monoclinal flexure, running . 55° E., that drop the 
b cl 6 fe t on the outhea t. The shattering ,and local brecciation of the rock 
alou)! thi flexure. over a width of 10 to 20 feet, ba determined the , ite of ore 
clei o, ilion . A few ro fracture, extend out on the north we t side, more or 
les at right angl to the mono !ina! axis, and have be n min ra lized to dis­
tan c of 70 fe t. About halfwny in , the tunnel . wings more to the north , 
and the tructu re be om e. ob..;cured, but the hatter d zone persi t. and is 
i IT " gularly min ralized to tll nd. The width of the ha ttcred and partly 
brecciated zon at the r ar i omewhat greater, om ore face b ing 30 feet 
wide. 

The ore oc ur chiefly in chert that has replaced limestone. Thi chert i 
limited chi efly to the mineralized zone along the moooclinal axis and is thus 
evidently closely related to the mineralization. A little of the lime tone wa 
previou>:ly replaced along the bedding by medium-''Tnined dolomite, and the 
chert in this phase takes th form of replacement baud. along the bed ling, 
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leaving a lar"'e percenta<>e of the dolomite. The main or -bea ring zone i · ab ut 
6 f ct th icl'. Som miner:llizat ion a! o appea r · in the s iliciticati n produc of 
a 5-foot limy andstone ab ve th e ma in ore bed, and pe ia ll y in tile mor lim y 
phas of thi upper bed (reall y ;t :;andy lim tone) that occupi . the in t rva l 
from 1 to 3 feet above it ba e. In p!:1 · es wh re the ha tteri.ng along the 
mouo ·l ine bn.' been a li tt le more in t u~c. t h sa nd ton of th e npper b d has 
eli intc rnted and · ttlecl into the un derl .1·ing b d. · a long craclc. At til rear 
end of the mine om of th e . ul r hide or occurs in m dium-~ralned dolomite 
whose bori zou i uncer ta in. owi ng to the obs ·uring of the stru ·t urc hy 
:,ha tteriug. Some of this dolomite nn y over li e til 5-foot s;n ntl.v bcrl. 

The chief ore mineral thtlt ha. be n comme rc iall~· iml)ortnnt i;:; :t g ra~· 

err talli ne arbonate, der iv cl f rom mixNl ro.·in ami blnck ja ·k (the fo rm r 
pr dom ina t ill'•), but at the rear ncl of th e tunn el the ·a rbonat givP ' wa y to 
ro in jack. Mo t of the carbona te hn · been minecl out. !Jut a c nsill rabl 
reserYe of the jack remain:>. The jack. a expo:ccl in a working fn ·c 30 f et 
\\'id e and G r 12 f t hi"h n ar the r a r of tll min , occm" tbickly disseminated 
in the ch rt , al.' o a rath r Jar •c rcpla<: ·ment po l'ct::; in th cbert. an<l in 
crack: in the o1·erlying . .ilicifietl .-·ancl. ome nl:so o ·cur as re11lncement 
po kets in dolomite that r robably llYerli -. the snnd. The gangue minera l · ar 
pink par, calcite, and quart<~, hut th y a r not abuncl nnt and arc irrcgulnrJ~· 

dis tributed, bein"' commonly ab~ent entir ly. Some of the calcite ry. ta l · fll' 

a much a 1 foot in ize. but th :se Rre not accom1 anied b~· ore. A littl e fin ely 
C:I'Y talliue chalcopyri te i. as:ocia t d with t be jack . 
. 1'he carbonat n a r r th front of the wine includes some y !low turkey fat , 

ancl pecimen were taken out cluring the periocl of production in which turkey 
fat fo r med U1e c res of Ja r •e stain ·tite:s tha t ·om;i t d otb rwi~ anti uomi­
uan tly of "ray ca rbonate. (Seep. 114 for pa rtial analy e ·of the ta lactite .) 
'orne of th ca rbonate ha replaced pink , pa r. Green copper stain· arc con­

spicuous in the more pong,Y carbonat . A little flou r ·arbon ;t te oc ·u r._ in 
cer ta in pock t in thi po rti on of the mine. 

1'he P hiladelph ia wa..; qui p[) ll wi th a mill, whi ch i · now in rui n~ . Accord­
ing to r cord kept by R. W. \\'illett, of Yellvill . and b.1· the J . '. hephe rd 
lll ini ug o., it production du rin" the \Vorlcl ·w ar period of h i h p ri ce · wn 1,065 
ton · of concent rate-· in 1915. 1,066 ton. in 1916, and 1.120 ton in 1917. a total 
of 3,251 ton. . There was om production in 1911 and 1912 by an carli r com· 
pany, but the amount is not kn wn , nlthough it wa · rath r Jar e. !\ lu ·h of thi. 
was mixecl jack and ca rbonate, th e jack predom inat.in.;. All the ore pro­
duced by the J. . Shepherd Mi ning o. wa marketed a ca rbonate on a ba:i · 
of 40 percen t zinc. determined by a. say. The grea te r part of i t onta ined les. 
tha n 1 percent of ul ph ur, bu t . ome carload lot ran a hi"'b a: percent and 
were pre•um ably h avily 1 nalizecl for U1 i con ·tituent. On th othe r band, 
oth r ca rl oad lot. were rem:JI'liable fo r their combina t ion of high :t.inc content 
with low ul ph m · ntent. A 30-ton shi pment in July 1915 a :a~'ed 47.6 per· 
cent of zinc and le · than 1 percent of ·ul[ll ur. Cad mium i pre. ent in the 
ore, one reported as a~· . pr ·um ably of a a rl oad of ore;· sholl'ing a cont nt of 
0.231 percent. The recovery of th e mill , bu. ed on an average OY r 11 mon ths, 
11·a · 15.6 p rcent of concentrates. which is eq uil·alent to 6.2 percent of zinc, 
on the ass umption that th cone ntrate UYeraged '.10 p r ·ent f zi n ·. 

Jliontc Cri8tu.- Thi · m;ne i · on th ~ :terp ri l!llt ·lop of C ai.Jber rc<>k, 70 
feet aboYe <:r eel{ level, in the El;,J, NE Y-1, sec. 10, T. 17 N., R. 15 W. T he horizon 
i.. in the E1· rton fo rmation 160 feet b low the 't. Peter sand tone. The tunnel 
begins just ·outh of the l\I onte 'risto fa ult, which here ha: a throw of 25 
feet, and go . :sou th into the downthrown block for abou t 00 feet. 
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The ore occur. in a fai rly . traight run and is concentrated a t two level abour 
J6 fee t apa rt. The ore-bearing rock J ~ lim tone, ligh tly ·a iHly in places, 
that ha bef'n alterecl to cher t wherever i t ha been mineralized. It i. sligh tl y 
do lomitic in rlace , espe ·iall y in the top few feet, but the dolomitization i · not 
l.Jelie,·ed to be related in a n~· way to the minera lization. 'l'he OYer lying rock 
is a 2-foot bed of limy and. tone. The upper ore-bea ri ng level is 4 t 6 feet 
thi ck and li e immediately below thi roof and tone. The lower 1 vel, whi h 
i ~ not very sharply defined , i. concentrated for a few feet above and below 
a 6-inch heel of illtrafo rmationa l conglomerate that i s bedd d in the lime. tone 
16 fe t below the roof sa nd t ne. T hi con lomerate, compo d of small lime­
stone pebble · mbedded in limy , a~1d tone. m:1 kes a very conveni ent key bed 
in an otherwi e homogeneou · lime tone sequence and wa · traced throughout 
th areater part of the mine. There is 9 feet of lime tone u nder this key bed, 
ancl then, in th e on ly place where 2 feet or o of lower bed are expo eel, 
m clium-gra ined dolomi te. Al thou"'h mo. t of tb ore i.· cone utrated at the 
two levels mentioned, the whole lime tone inten ·aL bas b en min ralized at 
·ome place or anoth er. One of the ri he t ma ·. e of ore that i left in the 

wall occupie a 4-foot inten·al between th two main ore level over a length of 
75 feet nea r th back end of the tunnel. T her are a l o num rou tret he in 
lhe mine wh ere the zones thut normally carry the ore are them elv . barren, 
at I a ·t in the present wall . This is e ·p cia lly tru of t he lower ore zone 
I oward the back of the mine. 

The main 1 vel in the tun nel i d ri\·en on the lower ore zone, ,md the tunn I, 
th roughout the gr ater pa rt of the mine, i ra rely more than 10 feet wide at 
tbi le,·eJ. The upper level i worked, nea r the front, a a pa rate min leYel, 
but elsewhere it i worked as a high -level bench on the ea t ide f the tun nel, 
cxtenfling perhap · 30 or 40 feet in places from the main drift. ::\ca r the fro nt 
of the mine, wb re the run i viclently .·omewhat "id'er than farth er bac k, a 
la rge high room ha been t p d out over an inten·a t that include both orf' 
leYel . 'l'he entrance to th lower le,·eJ i a . mall-bore drift through banen 
mediu m- to fine-gra ined dolomite, which may t·epresent a la teral ,-ariation of 
th lower part of the lim tone or may be the dolomite that under lie th lime­
st n and thot has b n ra i eel her a few fe t above it normal po ition. Som 
crumpling and ob. cur brecciation in a nd at the buck end of this entry tunnel, 
wher it ent r · t be large room, add wei"'ht to the seoond ug"'e tion, thoug'b 
no d finit faulting ha b en demon tratecl. 

'l'h original ore mineral is ro~in jack that conta in· a minor percenta"'e of 
clark- olored jack att red tbrongll it in pots. Tll e greater production 
of th miue, howeve r, bas b n ca rbonate, d riYed f rom th alteration of the 
ja k. Most of it i cry talline and s how. nuiou olor - wh ite, pearl-gray, 
fl ~h -o lor . brown, yellow (turk y fat), and r d ( ea ling wax). The gray type 
i ' mo t abun dant. At many place ca rbonate i de,·elop din talactitic grow ths 
in op n vug ·. A little ha al o replaced or coated pink par. The pink par 
accomponi the jack a a gangue mineral, though rather parin o-Jy compa red 
to its u ua l o.bundaoce in the ore depo. its of the Ru h eli t r ict Ad li tional 
gangu min ral · of common o cm'l' nee a re qua r tz aml calcite ; the quattz in 
place.· fo rm ry tal f rom a quart r of an inch to 1 inch in ·ize, lin iug YU"' in 
the chert. orne of th e vuoo · may run for a much a feet a Ion" the b dd ing, 
though th y ar ooenerally only a few inch to a foot high. A talagmitic fo rm 
of calcite, peculiar to thi mine, i very prominent and ha been mi taken for 
zinc ·arbonate, but it i tt·anslucent whi te and ha a ditTerent l u ter. 0 f the 
mi nor "'8ngu mineral halcopyrite is widespread, genern lly a· ociated wi th 
the jack, but is in uch mall cattered crystal a ' to be of no ommercia l im-
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porta nee. rystalline "'YP um ha formed in a few place · as an alteration 
product, and one ·mall patch of aragonite a few Inches aero s, a socia tecl with 
zinc carbonat , wa picked up on the dump. Pyrite ba rcplac d ·hert in ancl 
adjacent to the la rge toped-out room ncar tJ1e front of the mine but i not 
pre ent el ewhere. 

The commercially impor tant ore oc ur as repla ment ma s , ·ommonly 
lens- haped alon"' the l.Jrdcling in th ch rt. '!'her is at ·o con ·icl rable d is­
semina ted jack in the ·bert, orne of i t in cry tal bleb as much as 1 inch 
n TO s, though generally much finer. Thi · eli eminatecl ore is of no com­
Ill<' rcial Yalue but grades into th r plac m nt pock ts and len of comm r ial 
ore simply by increa e in the amount of eli emioatecl jack until the in terYen ing 
chert ha been largely replaced. The jack, a rbonate, ami pink par may al o 
o cur on the wall of quartz-lined vug , either on top of th quartz or und r it. 
There is a little ore th rou"'hout tl1e min in b dding vein and cro cutting 
Yeinlet ·, in a ocia t ion with p ink par. 

l\lost of the mine ha been worked out x ept at the Yery bn k end, wh re 
the ore run, deYeloped over a width of about 15 f et, ch iefly at the higher 
le\·et, ·bows low-rrracle ore of tJ1e pen-Yug type. 

The production of the Monte ri. to a · or cling to figures J;ept by tb J. 
Shepherd l\linin cr 'o. wa 331 tons of concentrate in 1916; 1,417 tons in 1917; 
and 223 ton in 191 , a tota l of 1,971 ton . 'l'he pro luction earlier than 1916 
i not known but wa mall in ·ompari on to the abo\·c figu re . The min was 
onnected by aeria l tran1 to the Philadelphia mill, where all the ore wa con­

centrated. The a \·erage mill reco\·ery from i\Jonte ri to ore during 1917 
wa 1 .6 percent of concent rate , a\· raotng 40 percent of zinc. Although the 
ore was old as carbonate, smelter a::;says bow that many of tile ca r wer 
contaminated by jack, with a enn equ nt p natty for sulphur. 

A 300-foot tunnel on Mon te 'ri ·to prop rty n the Ru h reek side of Rush 
i\louutain produced 125 ton of free ca rbonate in 1916 and 1917. ome mill dirt 
from this tunnel was run through the Mcintosh mill. 

Silver H oll01o.-This mine, one of tb la t-ge t in the Rush di strict, i · in the 
ulu!r on Llle right ·1<1 of th Buffalo Hiver about 2 mil · outhea t of Ru ·b, 
in the W1,4NW14 ·ec. 13, T. 17 N. , R. 15 W. The ore occut· at t \YO horizons 
in the Ever ton formation-the uppet· one 200 feet b low the t. P eter and­
:tone, the lower one 50 feet I wer. The Everton i here made np of lime tone 
and medium-gra ined dolomite, with some and tone. The str ata nea r the fac 
of the bluff in the immediate Yicinity of the mine a re somewhat di turbed by 
cru bin"' and p rhap by ·oluti on stumpage, bu t within the hi ll the structu re 
becom s more uniform, with an eYen dip of 3• or 4• to the south or :outbwe ·t, 
into the b Ul. Altbou"'h no evidence of faulting can be ob ·erved at the m ine, the 
much lower altitude of the St. Peter and ·tone on the north side of the river, 
opposite the mine, ugge t that a roughly ea ·t-we ·t fau lt, with a down throw 
of about 200 feet on the north, is conceal d somewhere within -the river bed or 
alluvial bottom ju t north of the mine. (See pp. 101- 102 and pl. 4.) 

The opening on the lower leY l i a long tu nnel whose porta l lie -0 feet 
above low water in the river (fig. 16). There are rea lly t in e entr ie. on thi 
leYel, over a width of about 150 f t . but they all coalesce within 300 feet 
from the face of the hil l. At 400 f t from the portal the dip of the beds 
ca rries the floor of the tunnel down to the water leve l of the Buffalo River, 
and the back part of the mi ne is below water I vel. The back end of the mine, 
more than 1,000 feet from the portal, i. reported to be 40 feet lowet· than the 
portal. A short eli ·tance south of the present water line in the tunnel dt;fts 
were driven ea t and west on or a long a cro · fracture. The drift to th 
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100 75 so 25 100 Feet 

FIGOnlil 16.- Pinn of S!lv<:r Hollow mine, lower IC\"el. 'l'hc lines Indica ting ore run s show 
d!agrummatically the average direction of the fmctures . 
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ea t \Ya worked out wi th in a ·!tort distnn ·e. T he oue to the w t i reported 
to haYe ,. ached 1Yithip 11 short tli · tnn · anotb r run f or<', trending sc u th, 
wh ich it follow cl for .·e,·eral hunrll· d f et. Owiu~y to t he fn ·t that th p r ta l 
of the lower ICI' I a re below the high-wnter lt>YCI of the Buffalo Hiv r, th w rk­
iugs are fl ooded from t ime to time, nucl n thick clepo it of mud a nd . ilt coat 
all the uude1· rouucl worldng ·. The mine machinery. in th mill at the po r tal, 
ha been Ia r.,.ely coYel·rcl up by <lllcl, aud much of the mill quipment ha · b n 
washed away. 

The ore in the acces ibl rmr t of t he mine i. · de,· lop ci in two run.· (fig. 16), 
one trending nea rly outh, th other one about S. 25 • E. In th form er, 300 
feet of which i exposed along the main li ne of the tunnel in front of tb water 
line, the wid th of the minera lized z ne i about 20 feet, and th height is 
about the sH.me. The . econd run i only 160 feet long-, although at its ·outh 
end i t was probably ex tended to connect with th Ioug r run th rough a bl k, 
pre umably iu part ore-bea l'ing, tha t has heen ;:toped ou t. If it a tunlly ex­
tended acr oss thi block it length wou ld be om wha t greater . The width npd 
height of ore in thi run were nb ut the ·a rne a in th Iarg r run. D criptions 
of the inacce ible pa r t of the mine indicate thut n thi rd important run li e 
parallel to and we. t of the one fir t m ntioned. 

The position· of t he run · a re indicated not onl y by the occutT nee f re 
along the wa ll and in the pillar of the to11es, but a! ·o by th weathered 
character of the mine roof along the line.· of the run and by the ,·ein 'ys­
tem that bow in th roof and pillars. In the .· tope roof of the Ion er 
north· outh run i expo:;ed a composit . . '·:;t m of pink-spur ,. in, , th 
vidual of which t rike in genera l pun1ll I to the trend of the l 'lll l. 

the Yein of the s~· . tem nre more thau 1 inch tbick, a nd none of tbem xtend 
far as individua ls b for they die out, to be repine d by other:-: that ha,·e come 
in. Several of these 1·ein were ob e rY cl to die out upward. and it is p rob­
able that th xtent of the wh ole system i ,·ery li ttle higher than th roof· 
of the tunn I. At the nor th end, thi · run how · a ·hallow ynclinal sag of a 
foot or two in ro ectiou. The pillars a lon"' th axi. of the hort r run 
·how that the pink· par vein tr il'e witb the di rection of the run and dip in 
toward it a::-..'is from both ic1 . A imilnr lip towa r 1 th c nter is how11 
by pink- pa t· vein on the we t flank of the north- outh run, near it north 
end . 

The ore-bearing r ck wa origina ll y in t rbed<led a n 1 intergracling lim tone 
and mecl ium-"'ra inecl dolomite. Ow in to latera l gradation from one of the e 
types to the oth r, no definite horizon mark r that could be traced throucvh 
the mine could be picked ou t. NeYerthele · th frequ ncy wi th whi h the 
underground wall how lim to ne (or chert <lerh·ell f rom lime tone). below, 
a nd dolomite, or mixed dolomite a nd lime. tone, abo,·e. ind icates that the work­
ing · are developed at rou.,.hly the arne hori zon th rou"hout the acce ibl part 
of the le1·e1. Along the ore run s the lower lime tone ha en largely ilicified. 
The re.·u lt ing cher t bed i. clark-colored and a•erage. 3 t 6 feet in thick n s .. 
Higher limeston a re a ! ·o g nera lly silicified. In addition, the OYerlying dolo­
mi te hns been partly r placed by chert for ·om eli ta uce above the lim stone. 
The chert ro · cut. the dolomite in clear-cut ,·einl ts, but th e are Yery 
irregular in hape, and t hey thicken and th in abruptly in uch a way that 
they ca n be explained only a.: replacem n t mas e. , thougb the replacem nt 
pt·oces · pr bably begnn along c racks. The flnnl re ult of .·u h repla ement 
i. · a mottling of dolomite and chert that r . mble>: a breccia. In a fe w place 
the dolomite block are definitely tilted , thou"h on the who! they tend to 
preserve approxirnately their original attitude. It i · . ug"'estecl that thi 
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incipient brecciation showu by the dolomite wa - pr duced either by stru ctural 
stres es that were relie,·ecl by hat!ering along the lines of the nws or else by 
s li <>ht olution along lines pre1·iously weakened by such stm tural hatterin <>. 
The same type of brecciation where olution has definitely played a part i 
expo.·ed in an un 'Silicitied and unmineralized part of the mine, just withlu the 
ea t portal. 

A large block near the front of the mine, between the two portals fa r tbe t 
apart, re,·cal. dolomite with a minor amount of in terbanded and intermottled 
chert in the few drift that cut into it. Though it is possible that thi block 
may I.Je at a sli ghtly different horizon from the bed that el sewhere is ore­
bea ring, th more probable in terpreta tion .,ecm to be tha t it r t re ents a 
la teral variation of the ore bed. Tllree winze were uuk within this block; 
no information wa btaioed on two of them, but the third one, 60 feet deep , 

r ported to ba 1·e hown a little ore in the bottom but nowhere else. It 
appears therefore th a t the ore-b aring bed dOes not lie below. the mine le,·el 
in this block. 

Around the borde rs of the mi neralized ma ses, a - a rule adjacent to unaltered 
lime tone, are num rou i olated lenses of gray spar, in bed that may be 3 or 
4 feet thick and 25 or 30 feet long, along tlle ore face. Such lense were formed 
by r placement of the lime tone and are generally barren, though rarely a li t tle 
oi semin>lted jack may appea r in them. l\Iany of them contain replacin"' 
pockets and Yeins of pink par that ma_,. carry a little ore. 

The ore is d minantly rosin jack, with a lit tle intermixed black jack. In the 
p~ rt of the mine above water level some high-grade b:ue-gray crystalline 
carbonate and some black and honeycomb carbonate haYe altered from the 
jack, but, according to Franlc Miller, form erly for man at the mine, the pro­
duction f rom the rear a nd at pre ent inacc sible part of the mine was entirely 
jack, and the la t workings in thi pa r t of the mine are reported to be in good 
jack ore. Piulc spar is an abundant gan o-ue. Le · abundant are calcite, qu artz, 
an :1 trace of pyrite and chalcopyrite. Feldspar ( orthocla e and microc:ine) 
i a microscopic con tituent of the chert. Reddish, buff, and white tallow clay 

orne of th oxidized ores. 
'l'h or , with it accompanyin <> gangue mat rial , i e regated chiefl y in 

large r placement po kct or in mor or les open dru es, in the lower chert, 
and alon" th b rder between chert nnd overlying do:omite. uch pocket may 
b 3 or 4 fe t wide, 1 foot or mor high, and SeYeral feet long. ertaiu 
ch nnn I of imilar dimen ion , or of l)erhap somewhat greatet· height, are 
op n dru.·es lin cJ by pink par, with little or no ore. In addition to the 
repln em nt pocl<ets mu ·h ore i found in beddin" and cro scutting Yein in 
th hert. Su h Yeln common!~· reach 1 or 2 inches in thickne and are 
pa rtl.v of replacement origin. P a rt of the chert also contains di eminated 
ja<'k, bu t much of it i ' barren. Chert that occur at higher hori:>:ons along the 
ore run , i also or -bearing, though th e higher leYel are not very per istent. 
The dolomite contain a mall amount of ore in cro scutting and bellding 
1·einl ct , and rarely in the di eminated form . 

D v lnpm nts on the upper level of the ilver H llow mine are somewhat 
Ies extensive. Th main working i a ln rge room at · th front, about (10 feet 
in c~iam t r and 50 feet bi"h, fr m the back nd of which a tunnel extend 
al>1 ut 200 f .t outlmard itJ tO the hill (fig. 17). ~'hi tunnel follow· a certain 
bed, 5 to 7 f et thick, th a t ran"e fr om lime tone to ·bert and in a few places 
tn m clium to coar ·e grained dolomite. The b tl i capped by a limy and­
.s tnn which forms a onYeni nt key bed for the le,·eJ, and is und erlain by 

G!):lTl - 3;;--l " 
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medium- to fine-grained dolomite, which is only a few feet thick and is in turn 
underlain by limestone. 

The key sandstone can be followed, unbroken, from the rear of the tunnel 
around the walls of the large room at the front to the borders of a mineralized 
breccia at the very front of the room, near the outcrop. The ore was taken 
from this breccia, which formerly occupied the volume of the room. The 
present remnants show a width from northwest to outheast of about 40 feet 
and a height of about 50 feet, thi cross section being tria11gular in shape. 
The original length was evidently about 80 feet. The base of th breccia 
apparently lies not far below the level of the pre ent floor of the workings, 

FIGUIID 17.-Plan of Sih•er Hollow mine, 
upper leve l 

for a long the northeast side of the 
pit in the la rge room, the limestone 
I a ses unbroken beneath the breccia. 
The structure of the breccia is syn­
clinal , with rather shat-p boundarie , 
along which orne slight normal 
faulting (maximum displacement 4 
or 5 feet) has occurred along with 
the slumping. The breccia is made 
up of dolomite, andstone, and chert 
block with a matrLx of ehert and 
ore, although the exact constitution 
is ob cured by later alterations dur­
ing oxidation. The origln of the 
structure is not evident, owing to 
incomplete exposures. The general 
shape uggests a settling along a 
zone of so lution, but the amount of 
such ettling bas not be n great, as 
the hattered key sandstene can be 
trac u part way acros the breccia . 
It eems probable that the original 

battering wa produced during 
stru ctural movement along the line 
of the po tulated fault to the north 
of the mine, and this shattering may 
have been later modified by solution 
·J umpag.;>. 

The or , which ha been almo t 
enti rely removed, was mixed ro in 
jack and zinc carbonate, with a 
littl e black jllck. It occur int r-

stitia lly in the breccia in association with pyritic ehert and drusy quartz; the ore 
may or may not completely fill the quartz-lined vugs. Tbe pyrite occurs as 
micro copic crystals disseminated thickly in the chert, coloring it black in fre h 
samples. A small amount of pyrite is also developed in the dolomite and sand­
stone blocks, but on the whole these are comparatively free from it. The o:-..icla­
tion of the pyrite has produced a spongy limonitic mass in which the original 
structure of the breccia is either destroyed or else obscured by staining. Many 
of the dolomite blocks have been entirely leached out, leaving only a red clay, 
which, however, may preserve the original bedding of the blocks. The jaek, 
on the other hand, may be preserved, with its quartz shell, in ra ther highly 
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decayed rock. Oxidation products of the pyrite, which occur as efilorescences 
on the walls of the mine, are copiapite, gyp uro, and an unidentified mineral, 
essentially an iron-zinc sulphate, which appears as a white powder. The 
abundance of pyrite on thi level is unique o far as northern Arkansas ore 
deposits are concerned and considerably impaired the value of the ore. 

The mineralization in the tunnel back of the main room has been negligible, 
although a little jack and carbonate are disseminated in the chert or else 
associated with pink spar and some ca lcite in pockets and veiolets in the chert 
and to a less extent in the key sandstone. Some of the carbonate has replaced 
pink spar. A trace of chalcopyrite shows in some of the vugs, and pyrite 
of the arne type that is developed so abundantly in the breccia is concentrated 
in small bedding lenses haphazardly in the chert. 

The Silver Hollow mine has produced over a long period, Branner" having 
repolted a production of 100 tons before 1900. A large output was made be­
tween 1900 and August 1907, when the mine was hut down temporarily. Sev­
eral newspaper accounts following the hutdown and crediting the mine with 
fl total production to that date of 3,000 to 4,000 tons of concentrates are doubt­
less somewhat exaggerated. Between 1907 and the beginning of the World 
War, very little ore was produced, but in 1915-17 the Silver Hollow was 
again a steady producer of jack concentrates. According to the late R. W. 
Willett, of Yellville, the production in 1915 was 150 tons; according to Charles 
LeV as eur, of Yellville, the production in 1916 was about 675 tons; according 
to J. H. Hand, of YeJJ\·ille, the production in 1917 wa 90 tons. 

Ec£gle Picher drill holes.-In the spring of 1927 the Eagle Picher Lead Co. 
drilled several prospect holes along the Ru h Creek fault, near Ru h. Unfortu­
nately none of these hole were located accurately on the Rush Creek map 
(pl. 4). Hole 1, drilled to a depth of 294 feet, was "due outh of the Capps 
tunnel and about 50 feet sou th of the bank of Ru h Creek." The !}oiler f or the 
drill wa et up on the south (downthrown) side of the fault, and the well log 
indicates that the hole was drilled on the same side, although it could not have 
been more than 150 feet from the fa ul t. (See pl. 4.) The hole began about 
20 feet below the ba e of the St. Peter and was banen. Hole 2, drilled to a 
depth of 182 feet, was on Mclnto h mine property, in the WJ4SE% sec. 10, T. 
J 7 ., R. 15 W., on the I ft bank of Ru h re k a hort distance below the 
1clnto h mill. It was within 200 feet of the fault, on the north (upthrown~ 
ide, antl b gao at a horizon about 100 feet above the ba. e of the Everton. This 

bole wa likewi e barren. Hole 3 wa drilled a short di tance upstream from· 
l1 I 2, !Jut no log of it i aYailable. Hole 4, on the oppo ite ide of Rush Creek 
from hole 3, was drilled 60 feet and wa barren. A fifth hole, drilled to a depth 
of 92 fe t, wa on th Edith property. The log of thi bole reports 1.65 percent 
of jack in "brown water flint" at a depth of 40 to 45 feet, somewhere in the 
Ev rton formation. 

CEDAR CREEK-BOAT CREEK-COW CREEK DISTRICT 

The district including Cedar, Boat, and Cow Creeks lies in south­
eastern Marion County north of the Buffalo River and includes not 
only the drainage ba ins of the streams mentioned but also the 
Buffalo River Valley and tributaries on its north side between Boat 

reek and Cow Creek. The larger part of the district is ea t of the 

•• Branner, J. c., The zinc and lend region of north .Arkansa : .Arkansas Goo!. Survey 
.Ann. Rept . for 1892, vol. 5, p. 210, 1900. 
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Yelh·ille quadrangle. The lepo it li at :J.iffer nt horizon in th 
Everton formation and occur in variou types of lime ton and 
dolomite country rock. A few of the depo its on the Cow reek 
ide and al o the Omeara mine-, on the Buffalo River have be n 

co mmercially productive. The output of the district has been largely 
jack, w.'th some carbonate and a little ilicate. Sev ral hundred ton 
of concentrate have been marketed, but reliable figures on some of 
the principal producers are lacking. 

Bo-nnie Blme.-Thi sma 11 prospe t i an op u cut, -0 fe t aero ;; au l 7 feet 
deep, on the point of a long but gently slopin" no e b twe n two we m 
tributa ric of Cedar Creek. It is probably in the E% c. 36, T. 1 ., R. 15 W. 
rhe horizon i in th upper half of the Ererton formation. The ore b d occur 
between fine-grained magne ·an lime tone abor e and lime ton below and i · a 
. il id fiecl lime tone, with some qurrrtzite. The r i.· ro in ja k and o ur 
di. ·eminated ot· in irregular replacement bunk - inche. or more aero , in the 
chert a nd quartzite. A. little pink . par accompanie it in plac . A. minor 
am •unt of ox ida t ion to carbonate ha occurred. 

arbonate Point.- Tbis pro pect is in the SWY.~ sec. 6, T. 17 '., R. 14 W., 
n a point between Cedar Ct·eek and a mall tributary from the we t, at an 

a lritude of a round 540 feet. The geologic hotizon i near the middle of the 
Everton formation. There are several opening , but none of them are very 
c:xten ive. One is an open-<'nl trench into the hill, with a 50- to 60-foot haft at 
the back. The walls of the trench are in medium-grained dolomite, in pa rt 
. lightly sandy, that carries a little zinc carbonate a sociated with pink par 
in thin veinlet . The rock is decomposed except at the very rear. Ore on the 
dump pile of this opening shows some rosin jack in dolomite, reported to 
have come from a drift along a fracture, 30 feet below the collar of the shaft. 
A. little of the dolomite contalns disseminated jack, or it is replaced by chert 
with di seminated jack. About 200 feet south of this opening are a shallow 
sha Ft nnd open pit, revealing e sentially the same type of ore except that the 

xidat ion to carbonate has been more complete. The carbonate i blue-gray 
and cru ty in appearance. According to records kept by R. W. Willett, of 
Yellville, 6 tons of free carbonate ore was taken from the prospect in 1915; 
~hi ~ is probably the total production. 

Lucky Dt~tohman.-This is the mine that supplied the ore rock for the Moark 
mLII, on th ame property. The workings are in the W %, sec. 7, T. 17 N., R. 
H W., on the we t bank of Ceda r Creek at an altitude of 480 feet, a shor t 
eli ·· tance up f rom the Buffalo River and about 40 feet higher. There are five 

r ix opening strung along the foot of the hill for a distance of 500 feet or 
sn. The southernmost one, evidently the main one, is a tunnel. This tunnel 
forks at the portal, the two prongs going in at a slightly d-ivergent angle some 
60 or 70 feet. In the portal region the country rock comprises medium to 
rather coarse grained dolomite, irregularly cherty dolomite, and cher t. A 
li tt l jack OC('urs, either associated with abundant pink spar in irregular 
lenses along the bedding lines or else disseminated in the cherty pha es. The 
miueralized interval is 7 feet or more thick. At the back end of the right 
prong of the tunnel the wall rock has changed completely to barren limestone. 
Only 1 or 2 feet of mineralized rock remains in the left prong, where, however, 
th ore is some~hat richer than at the portal, though it i still of low grade. 
A haf t at the portal of the tunnel has been filled within 10 feet of the surface 
by 1Ya ·te rock from the working · . 
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The other workings along the bill are evidently at the same horizon, though 
the bed cannot be traced, owing to the lack of exposures. Th e work ings 
are mostly open trench cuts into the hill, with short drifts from the rear in 
perhap one or two of them. The type of country rock and the mineralization 
are , imilar to those a lready described at the south tunnel, except tha t in a 
few places jack is di eminated in dolomite that has not been noticeably s ilici­
fi etl , althou"'h in such places silicification has occurred in the closely ndjac nt 
rock. One or two of the central openings, in which no chert is de>eloped, 
contain only pink spar in the medium- to coarse-grained dolomite, without any 
ace mpanying ore. Evidently the jack accompanies the chert rather than the 
pink spar. A mall amount of carbonate shows in one or two of the openings, 
chiefly a a coating of pink spa r , and a trace of malachite occurs as mall 
·peck n the surfa ces of pink-spar crystals, where it has altered directly from 

chalcopyrite. 
It i repoti:ed that not enough ore was obtained from the Lucky Dutchman 

mine to bed the jig of t11e Moark mill. 
Boat C1·eek.-This pro pect is on the northwe t bank of Boat Creek, at nn 

altitude of 480 feet, 40 feet above tlle level of the Buffalo River, near the cente r 
of sec. 7, T. 17 N., R. 14 W. The ore horizon is in the Everton formation , - 00 
feet or so below the St. Peter sandstone. The ore deposit is localized on a 
small monoclinal flexure, showing a clip, over a width of 100 feet or so, of 10°-
120 S. The beds on the up side of the flexure show a very gentle dip to the 
north. The opening i a gently inclined drift, 100 f et long, on the monocl in 
n a t· its crest. The country rock is dolomite, ranging in texture from coarse to 
fine. Partia l to complete ilicification accompanied the mineralization. 'l'he ore 
is jack and occurs disseminated in the siliceous pbase , or else associated with 
pink spar in bedding lense , crosscutting veins, and irregular pockets in the 
different types of country rock. The jack is mjxed rosin and black. A little cal ­
cite and a trace of finely crystalline chalcopyrite are de,·elopcd in orne of the 
pink-spar vugs. Toward the surface a small amount of zinc carbonate ha 
formed , but the pro pe~t is essentially a jack deposit. 

George TVa hi ngton.-This prospect is on the left ide of B at Ct·eek n a r it 
mouth, a t an a ltitude of 550 feet, 100 feet or so above the le,·el of the Buffalo Rh•et·. 
It i In the W% sec. 7, T. 17 N., R. 14 W. The open ing is a hallow open cut 
about 100 feet in lengtll along the bill. The ore-bearing rock i Everton dolo­
mite, more or les sandy, that ranges in texture from coar e to rather fine 
grained, a Yeraging medium-grained. It is only 2 or 3 feet thick. Much of thi 
dolomite ha a blui h-green tinge due to tlle presence of a clay minera l cleYel· 
oped either inter titially ot· el e in blebs or along seams. The dolomite ha beeu 
hattered and in places brecciat cl, o that blocks fr m the overlying bed!> 

appear intermingled with the more abundant blocks of tlle main ore bed. The 
ore is rosin jack and occur associated with pink spar in the hatter crack and 
inter titially to the brecciated blocks; the mineralization ,,·a everywhere 1\C· 

companied by ome solution and t· placement of the adja nt d lomite blocks. 
A trace of chalcopyrite occurs along with the jack, an l calcite i · a minor ooangue 
minera l. Fine granular pyrite is present very sparinooly in the country-ro ·k 
dolomite or a long the contact of the dolomite with pink par. A finer-~rain e 
bed at the top of the min .ralized interval hO\Y orne inegular repla ement of 
the country rock dolomite by chert containing dis eminated jack. 

A mall mill ,,.n bu !lt on thi prop rty at the time it wa worked, but no 
or wo produced. It i reported that tlle jncl' u eel fo r bedding th j i"'. was 
ol tained from a shaft in th be ' of a hollow tha t ome in to Boat 
t11 . outh GOO to 700 f et abO\'e the pro pect. 
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The shaft mentioned above i about 20 feet lower in a ltitude than tile G orge 
Washington pro pect. The ore is rosin jack as ociated witll p:nk spa r in crack 
in a medium-grained dol omite or uolomitic . audston . few small cry tals of 
chalcopyrite a re pla te red on the jack cry tal in tile open vug , and pyrit in 
small quantitie occur in the clolomite. The d posit is thu very imilar to 
that at the George Wa hingtou and i po ibly a t the ame horizon. 

Om ea1·a.-'l'hi · proper ty i on the 1 ft lope of th Buffalo River b twe n 
n quarter and half :1 mile b low th mouth of Boat re l<, in th ~WJA 

· \"\'1,4 sec. 1 , ·r. 17 :~.'<. , R. 14 v\. 'l'he working ar 5 or 6 ·bort tunnel , 
a mu ·b as 150 f t long, that extend a lou"' a qua t'te r-mile tretch a t a 
horizon in the Ever ton formation 0 to 20 fee t below the t. Peter sa nd tone. 

sua ll~· the ore-bea ring zone is only 10 fe t or Ie thick. The trata d ip 
ut a low angl to the so uth. Althou"b there i ' no bren k in the bedd ing, 
the tra ta bow loca l contortion within the w rking ·. The ore·b a rin .,. rock 
Is cb ieOy a ·iJi cifiecl lin1e tone with a litt le i Dterb ddecl quartzit and med ium­
grained lolomite. i t x­
tend d clown in places fo r evera l f t into the und rlyin g lime ton . Tbe ilic· 
if]ed rock and a ociated ore a t·e not con ti nuous a long the out TO], tlwre l>eing 
sb·ctcbe between the opening. that are barren limestone. Tbe ore is chiefly 
black.ca rbonate and gray carbonate, with some turkey fat, silicat , and re idual 
jack. It occur a ocia tel with pink spa r and a minor amoun t of al ci te in 
l>eclded. and crosscutting Yeinlets a nd in irre"ula r pocket along the b dding. 
The · u ·ual trace of chal 'Opyrite accompani d tb origina l ore, and much of 
the· l>tack carbonate shows mall inclu ion of malachi te and auricba lclt . 
Pi. litt le gyp um bas been developed as an alteration product. A. whitish 
botryoidal (hail tone) form of calcite occurs as a late product of crystalliza­
tion in many of lhe vugs and is followed by a littl e aragonite. In some of 
the openings fa rthe t south, a little of tbe original jack was di eminated 
in the chert. 

The Omeara property is reported to ha Ye produced seveml ca rloads of car­
bonate ore. 0 .1' thi , two cars (60 to 70 tons) consisted of f ree ore. The re t 
was ml lle<l on the property . 

• om ITiU.-Tbi pro pect is high on the hill on the south side of Boat 
Cr ek ,. at an altitude of 7 0 feet, in the SE1,4 ec. 7, T. 17 K , R 14 W. The 
openin"' is a ligh tly cuning 70-foot tunnel in the EJI·erton formation, 20 
feet below the St. P eter sandstone. The mineralization was localized along 
a .·ha rp monoclina l fl exure that drops the beds on th e north 2 or 3 feet, 
prouucing a narrow breccia zone. 'l'be ore occurs in the breccia developed in 
a medium to rather fine grained dolomite that is more or less sandy. It was 
or iginally jack with pink spar, but mo t of it has been leached out or altered 
to carbonate. A little gypsum was formed in orne of the vugs durin g this 
a lte ration. Cru t of fine dru y quartz coat the blocks of the breccia, their 
formation ba ving e\· idently preceded the deposition of th pri mary ore. 'I1le 
rocl' showing beneath tbe dolomite that carries the ore in the south wall of 
the tu nnel and for 100 feet or so on both ide of the portal is lime tone, 
i ncompletely ·ilicified in a zone a much as 3 feet thick. Tbe resulting chert 
or iginally con t:.'l ined disseminated jack ancl segregated drusy pink spar. 
l\Io t· of the jack bas been leached out. This prospect bas produced perh ap 
30 or 40 tons of zinc carbonate, hancl-picked. 

Dixie Girl.- This mine is in the SlhSW14 sec. 8, T. 17 N., R 14 W., in a hol­
low that is tributary to Boat Creek from tbe south. Tbe horizon is in the Ever­
ton fo rmation 10 to 20 feet below the St. Peter sandstone. There are two 
tunnels at the firs t main fo rk of the hollow, at an altitude of about 00 feet. 
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Bot ll we1·e c:ned at th t ime the proper ty was visited. The western one, on 
the le ft ·ide of tile left prouo- of the hollow, pra tically at the le,·el of ills 
bed, i reported to ha \'e gone s. so· \\". 200 fee t or so in to the bill. Its portal 
i in limestone, andy li me tone, and fine- to medium-grained clolomit ; tile 
dolomite lies abo,·e the lime tone and contain pink par and a little jack 
in thin Yein . At 30 feet" f rom the portal the tunnel enters a ba rren brec~"'i a , 
com posed of block f the same material tha t make up the portal . ection, 
with a mat1;x of li my and tone. This breccia appa rently li s in a z Ill' 

trans,·e rse to the cour ·e of tbe tunnel and parallel to the face of tile hil l. 
Although it has the appea rance of a fault breccia, there is no ob enable dis­
placemen t in the sa ndstone a boYe other than a mall eli. placement on a block, 
200 feet ton '• that lie parallel to the face of t he hill. Thi block has tile 
appearance of a land !ide block that ha brol;en off parallel to the face of 
the .·anclstoue ledge. Thi would explain the ab ence of minera l in the breccia, 
a tile mineralization preceded the formation of the present topography by a 
long time, and any laud-sli p mo,·ement would haYe taken place after tile present 
topography was formed. Decay bas been cxten ive along the breccia zone, with 
the devel pment of considerable clay. 'l'l1e tunnel is reported to haYe "one 
throu h 75 feet of this boulder ground , requirin"" hea \·y t imbering. At tile back 
end it was ag,lin in mineralized ground. The ore f rom this tunnel was jack, 
but the production was mall. 

The cond tunnel is located a round the point, on the left ide of the right­
band hollow. It i reported to be 100 fee t long and to present a 7-foot ore­
bearing face at tile r ar end, tbOu "h of course, a el ewhere in the northern 
Arkao a zinc fi eld, only a . mall part of this face is mineral (jack). 

Although a large mill was buil t on the Dixie Girl property, the production 
was not more than 40 or 50 ton . 

1-'hoeniw.- Thi s pro pect lies at an altitude of 9'.30 feet on the left slope of 
Jake H ollow, which is a . outhern headwater tt·ibutary of Boat Creek. The 
horizon is in the EYerton formation 40 feet or so below the St. Peter and­
stone. The ore ledge i poorly expo ed but appears to be about 10 feet tllick. 
The opening con ist of one or t""o short tunnels, now caved. The ore is ca r­
bonate and occurs in Yariou form , as d ry bone, as black honeycomb, or as 
a coating over pink par. The or iginal rosin jack, from which the carbonate 
was deriYed, wa di eminat d in chert, in dolomitic sand tone, or in coarse 
dolomite, or el e it occurred, in a ociation with pink pa r, as irregular egre­
gated bodie or crack fillings in the ame rock types and a! o in medium- to 
fine-grained dolomite. To judge from the numerou casts of jack mas es pre­
served by hollow shell of carbonate, orne of tile original jack in tile e segre­
gated bodie appear d in rather large ma es. A few tons of free ore lies on 
the dump, but no ore has been marketed from tllis prospect. 

Good I.mck.-The severa l opening on thi property lie on the left side of 
Rough Hollow, probably in the NW14 ec. 20, T. 17 N., R. 14 W. They are 20 
fe t below the St. Peter and tone. There are four or five hort tunnels that 
enter the hill fo r di tances as great as 160 feet, over an outcrop lengtll of about 
350 feet. 'Ibe bed clip at a gentle angle to the south or outllwest. The 
mineraliz d b c1 i at the top of a erie of lime tones and sandy lime tones 
tllat lie ben ath a fine-gra ined dolomite. The ore b d i · generally not more 
than 2 or 3 f t thick, though in a few pia es it reaclle 5 feet. It ha been 
silicifl c1 to chert, part of which i greenish. T he ore, which is not plentiful, 
i jack or carbonat , di seminated in the chert or occurring sparinaly in bed­
ding ein lets and irregula r pocket of pink pa r. The lime tone bed immedi­
ately below, which normally i highly fo siliferou (ostracode ) is locally 
replaced as a whole by pink par, more rarely l!y gray spa r, without ore. The 



226 ZINC AND LEAD DEPOSITS OF ORTHERN ARKANSAS 

dolomite abo•e contains a Yery mall amount of jack in cro cutting pink- par 
veinlets. The immediate capping of the ore bed is a 6-lnch sand tone seam. 
This prospect is very unpromising. 

Mary Agnes.-This prospect lies high on the point between the two main 
forks of Bru h Creek, in the W'"h sec. 16, T. 17 ., R. 14 W. The horizon is in 
the Everton formation 25 feet below the St. Peter sa ndstone. The tunnel is 
60 feet long. The ore bed is a chert that has replaced lime tone, but wh reas 
the chert extends from the level of the mine clear up to the ba e of the St. 
Peter, only 4 or 5 feet of it is mineralized. Owing to the large amount of clay 
material in the chert, it is blue-green . orne quartzite is b dded in the chert. 
The original ro in jack was di eminated in the chert and quar tzite or 
occurred in bedding '' eins and pockets in association with pink spar. Mu ·h 
of it has been oxidized to carbonate, which may appear in the black form or 
el se as a replacement product of pink spar. Subordinate calcite and a trace 
of chalcopyrite accompanied the original ore. 

Si:J; t een mine.- This property is a direct continuation of the Mary Agnes, 
its tunnel opening a little more than 100 feet farther we t. The mineralizntlon 
is the same, but the underground workings are som what more exten ive, there 
being a many-branched tunnel with numerou toped-out rooms. Gray pa r 
has here and there replaced the chert in the neighborhood of pink- par pockets 
or more extensively replaced the limestone under the ore bed. This property is 
reported to have produced about $6,000 worth of free carbonate during the 
World War. 

Ohickasaw.-This mine is on the south side of the south prong of Cow Cr ek nea r 
its bead, probably in the SW14 sec. 10, T. 17 ., R. 14 W. The mine is in the bed 
of a small gulch about 600 feet up from the mill site on the main south prong, 
at an altitude of 770 feet. The development con ists of an open cut up the 
bed of the gulch, 200 feet long, 40 to 50 fe t wide and 15 to 20 feet deep. 

ear the front a la rge room, 40 feet in diameter, extends off to the we t. 
The country rocl' is chiefly a fine-grained dark-gray dolomite, but it includes 
a little medium-grained dolomite, . andy chert, and quartzite. The a verage 
local dip of the strata is at a low angle to the north, but the beds have been 
somewhat shattered and contorted, producing small local dips in vn rying di­
rections at >arying. angles. Although part of the rock is brecciated, there is 
no definite fault break of any extent in the rock. 

The ore is rosin jack in association with pink spa r, and it occurs filling 
the shatter cracks and the interstices in the breccia. l\Iinor gangue minerals 
are calcite, fine drusy .quartz, and scattered minute crystals of chalcopyrite. 
Finely crystalline pyrite occurs sparingly in cracks in the dolomite or along the 
border between the dolomite and pink spar. 

The jack that at present shows in the walls of the cut is subordinate in 
amount compared to the pink par and is very erratically disttibuted. It is 
estimated to average not more than 1 or 2 percent by w~igbt of the rock that 
would have to be m1lled to recover it. The deposit bas not been exbau ted, 
for the same ore minerals in presumably the same gangue rock are exposed in 
a small cut 500 fee t toward the mill from the main workings. It is possible 
that treaks richer than the material showing in the walls of the cut m11y be 
encountered in the intervening block, although there is no way of predicting 
it. The size of the chat pile indicates that a large amount of rock was run 
through the mill at the time the property was being exploited, during the 
petiod of high metal prices that prevailed in the early years of the World 
War. The complete production is not known, but about 40 tons of concentrates 
were sh ioved in the fall of 1916. 
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01"01l1ulhog.-This pro pect is in the SWJ4 sec. 10, T. 17 ' ., R. 14 W., high on 
the south side of the south prong o-f ·ow Creek. There are three openings at 
a horizon in the Everton formation between 10 and 15 feet below the St. 
Peter and tone. Of these, the two outside ones, about 200 feet apart, are 
tunnels le. s than 100 feet long, in banen limestone. The third one, about 
halfwa y between the other two, is a rather small open cut, from the back 
of which a tun nel, now caved, enters the hill for a short distance. The wall11 
of the open cut show a silicified limestone (chert) containing di seminated 
ca -ts of jack. The ore on the dump pile from this cut ls largely zinc silicate, 
with a little black carbonate, both minerals derived from the jack that was 
originally in the chert. A small amount of residual jack on the dump pile 
appear to have been developed o1iginally a r ather la rge replacement masses 
along the bedding of the chert. The mine is reported to have produced about 
200 ton of fr e carbonate (probably, in part at least, sili cate), mostly in 1916. 

B onanza.-This, the mo t productive mine on Cow Creek, is on the south 
side of th south prong. tL rha p 40 or 50 feet above the level of the creek, 
in the NW J4 SE %, sec. 10, T. 17 ?\' .. R. 14 W. The altitude is around 630 feet. 
The workings are a large open pit, 100 feet in diameter and 40 to 50 feet deep 
at the hack, with underground working- going orr from it at different l vel 
on the back side. There a re r port d to be other underground workings at 
lower levels. 'lo. t of th e o1·e i .• a id to hav come from ground just southeast 
of the [Jit and within a d l tance of 50 feet from it. All the openings, including 
the pit, were worked through a haft, 100 feet deep, that is unk from the east 
rim of the pit. 

The mineralized rocl• is dominautly a fine-grained dark-gray dolomite, with 
a little medium-grain d uolomite irregularly distributed through it. Lim tone 
2 feet thick, showing chiefly in one of the liigher-le,·el tunnels at the back of 
the pit, is largely altered to chert. 

The ore mineral is r osin jack, and it occurs, in association with pink par, 
in crosscutting veinlers and irregular pocket in almo t any conceivable atti­
tude. Ore bows throughout the pit but i thicker in certain more shattered 
blo ks than in others. A little chert accompanies the ore, either as a hap­
hazard, indefinite r placement prod uct in the dolomite, or as a border on the 
lower ide of vein and vug . Fine drusy quartz and chalcopyrite are minOt' 
gangue minerals. 

A very large amount of rock bas been milled at the Bonanza mine, and it 
ha been a rather per i t nt producer since 1 90, though the exact output is 
not known. Random . ear for which figure happen to be available are 1908, 
with an output of 1 0 ton of jack cone ntrates (R. W. Willett) ; 1!t15, with 
an output of 7 ton (Willett ) ; and 1917, wltb an output of 135 ton (J. H. 
H and) . 

Fo0den.-Tbis pro pect lies at an altitude oJ: 640 feet on the south lope of 
Oow Oreek, a mile up from the Buffa lo River. The horizon is in the Everton 
formation 200 feet or o below the St. Peter sand tone. The tunnel is forked, 
the two prongs going in at a mall angle to each other for a distance of 300 
feet. Th west prong has· a mall toped-out room on a 1 an bowing of ore. 
The or zone lies at the ba. e of a cries of fin -gra ined dolomites and is imme­
dia tely overlain by n 6-iuch eam f and -ton . The ore bca is 3 feet or more 
thick and i variable in compo ition, between limestone, medium to coar e 
dolomite, and ch r t. The dolomite ha replaced the limestone irregula rly, and 
the chert hu. r placed botb irr gula rly. 'I' he ore i. confwed almo t wb lly 
to the top foot of th e ore·b a ring bed, appearing chiefly in chert, le commonly 
in dolom t , and now he re in liuJc ' tonc. Ro in jack, con taining a little black 
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jack, is the ore mineral, and it occurs eli seminated in the chert and dolomite 
or, more abundanti~' , in association with pink spar in bedding veins. A trace 
of chalcopyrite accompanies the j ack. This mine app ars unpromising, although 
during the World War a sma ll mill was built on the property and some ore was 
concentrated. 

Dry Bone.-Thi prospect i oppo ite the Foxden and at th same altitude, on 
the point between U1e two main forks of Cow reek, in the W~SEI/.1 and the 
SE~SW~ sec. 3, T. 17 ., R. 14 W. It lies along the contact between a dolo­
mite series above and lime tone below and is pos ibly at the same horizon as 
the Foxden. The opening is an open cut, 10 f et or more deep and 50 feet in 
diameter. The ore con ists of mixed zinc carbonate and ro in ja k, as ociated 
with pink spa r, and occurs in bedding Yeins and cracks in m dlum and fine 
grained dolomite. .A. small amount of cb rt accompanies the ore, chiefly as a 
border to the veins. Fine dru y quartz and fin ely cry talline chalcopyrite are 
minor gangue mineral . 

Prince F1·ed.-Three pro ·pects were examined on this property, all lying 
on the slopes of a high hill at the end of the ridge between ow Cr ek and 
Moreland Creek. One prospect is on the southeast slope of the hill a t an 
altitude of 850 feet, in the NW~ WIA, sec. 2, T. 17 ., R. 14 W. The horizon 
is in U1e Everton formation 250 feet or o below the t. Peter sandstone. The 
mineralization was localized in a breccia of fine-grained dolomite and subordi­
nate dolomitic sandstone. Eridently the breccia was produced by slight struc­
tural movement along a line parallel to the face of the hill. The workings 
consist of two short tunnels that lead back from open cuts, the west tunnel 
going in 60 feet or so and the east one only 10 feet. The block between the 
two tunnels has been partly worked by bla ting off back to a face along U1e 
line of U1e breccia. The tunnels begin in the breccia, but as the longer one 
was filled with water at the time of vi it, whether or not it had passed through 
the breccia was not ascertained. The ore is rosin jack with intermixed black · 
jack and pink spar. It occurs filling U1e cavities in the breccia . 

.A. second prospect is situated at an altitude of 1,040 feet on the northwest 
slope of the hill (Moreland Creek side), in the ffilf.J, ffi%. sec. 3, T . 17 N., 
R. 14 W. It lies only 50 feet or o below the St. Peter sand tone. Tile open­
ing is a Y-shaped open cut, 10 feet deep, 40 feet wide at the back, and 30 feet 
long (into the hill). The ore-bearing interval is about 10 feet thick and con­
sists dominantly of fine-grained dolomite, with a little medium-grained dolomite 
and still less dolomitic andstone. The ore is rosin jack and occurs associated 
with pink spar in crosscutting cracks and bedding seam . .A. trace of chalco­
pyrite accompanies the ore, and finely cry talline pyrite is developed sparingly 
in the sandy phases of the ore-bearing rock and also bordering the pink-spar 
veins in the dolomite. 

The third prospect, a small open cut, lies a short distance we t of the 
second, almost in the saddle between Cow and Morelan Creeks. It is 30 or 
40 feet lower stratigraphically than the second but is on the whole very similar 
as to country rock, mineralogy, and type of mineral ization. The jack and pink 
spar are accompanied by a little calcite, and the jack is partly alt~::red to 
carbonate. 

WAR "ER CREEK-HALLS MOUNTAIN DISTRICT 

Halls Mountain lies east of Yellville and south of Crooked Creek, 
in eastern Marion County. It is drained on the south by Clabber 
and Blue John Creeks and on the east by Warner Creek and its 
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tributary, Williams Branch (east of the Yellville quadrangle). The 
deposits of this district occur in strata of the Everton formation 
which dip gently to the south throughout most of the district. \.11 
the deposits lie within the Yellville quadrangle except the Lion Hill. 
The production from the district has included both jack and car­
bonate and has not been very large. 

Lion Hin.-'l'hi mine lies high on the right slope of a sho r t t ribu ta r ,,· to 
Warner Creek from the sou th, in sec. 28 (po sibly 29), 'I'. 1 N ., R. 14 W. The 
horizon is in the E\·erton formation 215 feet above i ts ba e. 'l'he produ <: th·e 
workings consi t of a rock cut, 100 feet along th e contour of th e hill, 50 f et 
into th e hill, and 215 feet high, from the back of which mining ha b en 
extended underground, producing a stoped-out room 100 fee t or o in di a meter. 
In add ition to these main workings th ree or four tunnels have been dri,·en at 
the . nme level within a distance of 300 feet to the ea t, but all are barren_ 

In the productive working the ore-bearing rock a re dolomite, chiefly fine­
grained but in pa rt medium-grained. ertain zones are andy and in extreme 
c:a e may be classed as sandstone. The rocks have been shattered along the 
ill-defin ed axi · of a gentle synclina l fl exure that is ex-posed in cross ection 
on the back fa ce of the open cut. Some breccia has been prod uced, in which 
t he f ragments are fin e-grained dolomite and the matrix sand. The ore is 
jack a nd pink par fillin o- the shatter crack in the le s disturbed pnrts. 
_ Iinor gangue minerals are calcite, fin ely crystalline quartz, chalcopyrite, and 
pyrite. Finely cry talline pyrite occu rs not only in the vein material but 
al o alono- the border between the dolomite and vein material and in mall 
ern ·ks in the dolomite and sandstone gangue roclc The th.ickne s of rock 
th n t ha s been mineralized, as expo ed in the workings, is o bout 10 feet. 
In the front wall of the underground workings fairly rich ore extends to a 
eli tance of 30 feet east f rom the axis of the syncline, beyond which the ore 
becomes of low grade, a lthough some of the rock that bas been stoped out 
may ha ,·e be n rich to a omewhat greater distance. The present east wall 
of the mine, however, i practically barren. In thi wall lime tone is expo ed 
untl ' r th dolomite. The lime tone ha been in part replaced by large rna e of 
ba rren pink par a nd el ewbere by chert that carrie a little dis eminated 
jack. B dding veins of pink spar in tbe chert are barren. On the edge of 
th rich r mineralized a ren, a little fairly high grade ore is qeveloped in a 
bedding len between c.h rt b low and dolomite above. 

The mill , now in ruins, is at th e foot of the hill on which the open ing · a re 
situated. The production from th e property was made at a fairly ea rly date, 
nnd tbe amount has not been a certa ined. A little ore was a l o taken out in 
1916. 

Bi,g E lepl!ant.- 'l'his pro pect li s on a n eastward-facin s lope within the 
drainag basin of William branch (tributary to Warner Creek), probably 
in ec. 1 , T. 1 N. , R 14 W. ~'he horizon is in tb e E ver ton formation 140 
feet below the St. Jo lime tone. That part of tbe formation in the neighbor­
hood of the pro pect con I t of a series of interbedded dolomite , lime ton s, 
a nd ands tones, named in th e order of th eir abundance. ~'he openings consi t 
of 3 irregular open ut , the large t 20 by 20 by 10 feet. Ore occurs in 
2 bed , with a 10-foot barr n interval between them. 

The lower ore bed is chert, more or le s dolon1itic or snndy, that grades 
laterally into cherty dolomite. This bed is about 5 feet th ick. The ore i 
mixed j a ·k and carbonate. Minor gangue min eral are finely rystalline 
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quartz, cal ite, and a trace of chalcopyrite. The carbonate incl ude both the 
li>lue-gray cry talline type and the black sooty type that has altered In place 
fr m the ja,·k. A t race of turk y fat i a lso pre nt. The jack was origina ll y 
ei eminated in the chert, or else d 'pos iteu in a . ociation with pink pa r, In 
bedding ,·einiet , irregu lar cracks and rer lacement ma. in both th chert anti 
the dolomit . Solu tion vug in th <lolomi te, as much a 2 or 3 J' et aero:. , 
ar lined with pink par with a li ttle jack. 

The upper ore bed con ists of medium-grained dolomite and subo rdinate 
sand.-tone. The ore is chiefly a rbonate and pink par and occurs In the 
brecciated dolom ite and also in replacement pocket· in the sandstone where 
that rock has been disturbed by the brecciation. 

Se,-eral wagon loads of carbona te ore were ha uled away f rom thi pro pect 
during the World War, but the amount i not known. 

I ke Emery.-This prospect is on the left side of a steep ravine t ributary to 
the head of Warner Creek from the northwe t, in the SW 1,4 ec. 13, T. 1 N., R. 
15 W. The horizon is in the Everton formation about 175 feet below the St. 
J oe lime tone. The opening is a 60-foot tunnel, with a rai e to the surface at 
tlle ba k end. At the porta l there is a small structural flexure, down on the 
ea..-, t (back) ide, but a hort di tance within the tu nnel the bed flatten out. 
The on ly mineralized rock that shows at pre ent is at the back side. The 
b ttom 15 feet or so of the raise penetrates silicified limestone that originally 
carried disseminated jack, but most of the jack has leached out. The tunnel li es 
a t the base of the siliclfled zone, in limestone, partly sandy, that contain dis­
continuous lenses of chert. The lime tone is partly dolomitic. The ore occurs 
b0th disseminated in the chert and also in a socia tion with a little pink spar, 
in irregular cracks and replacement pockets in both the chert and dolomitic 
limestone. The prospect Is not very promising. 

Cane pl'i,ng.-This mine Is on the right slope of the headwater of Warner 
Creek, a few hundred feet below the Ike Emery, In the SW1,4SWJ4 sec. 13, T. 18 ' 
N., R. 15 W., at an altitude of 940 feet. The horizon Is in the Everton forma­
tion about 120 feet below the St. J oe limestone. The tunnel goes in 200 feet a nd 
has a 15-foot winze about halfway back, from the bottom of which a lateral 
drift goes off at right angles to the line of the main tunnel for about 20 feet. 
The main tunnel follows a clay-filled solution channel on a joint in limestone. 
In one or two places the limestone has been slllclfled, with the development or 
disseminated jack, but the jack has been entirely leached out. It Is reported 
that the tunnel produced some black Uicate, chiefly from the front half, but all 
the ore- has been removed. .A. little silicate and carbonate occur in chert on the 
dump. 

Besides the main tunnel, smaller openings on the property show a little ore . 
.A. small tunnel 40 feet lower in altitude and about 100 feet farther down trearu 
(south) shows pink- par veins that carry a little jack and silicate, bedded in a 
cherty replacement product of lime tone. Hydrozincite nd aurlchalcite are 
mi nor alteration products. Still farther downstream but on a level with the 
main tunnel, pink par and jack occur in cracks in a medium-grained dolomite. 
Th is dolomite is stratigraphically higher than the limestone of the main tunnel 
but lies at the same level, owing to the dip, which is at a low angle to the 
south. In an open cut below the main tunnel there is considerable onyx, 
developed apparently by late crystallization unrelated· to the ores. 

Su11111nit Home.-This prospect Is barely on the south side of the dividing 
r idge between Crooked Creek and the head of Blue J ohn Creek, in the Elh ec. 
15, T . 18 N., R. 15 W., nt an altitude of 1,025 feet. The horizon is in the Everton 
format ion 90 fee t below the St. Joe lime tone. The clev lopmen t consist of 
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·several rather exten ive open cuts, of which the largest is rather irregular in 
shape, 40 feet long parallel to the surface contour, 20 feet wide, and 10 feet 
deep. 

The ore-bearing rock i fine to medium gt·ained dolomite, grading into 
dolomitic sand tone, and al o, toward the south side of the w rldng , chert, 
banded by curved and distorted bands of medium-grained d lomite. In the wall 
of one of the pit at the mouth of which this mineralized chert is conspicuous, 
3 or 4 feet of lim tone, ontainil1g band of medium-grained dolomi te, is bedded 
below a rna ive dolomite and is evidently the original rock from which the 
banded chert was derived. 

The ore i mixed jack and ca rbonate and occur , in a ._ociation with pink 
spar, in crosscutting vein and irregu lar replacement pocket in the ore-bearing 
rocks. Where the mineralized rock is chert, the jack may al o be disseminated 
in it or occur with pink spar in bedding vein . The ore al o occurs rather 
abundantly in dolomite breccias-in fact, the roo t extensiv workings are in 
breccias. Some of these breccias occupy the whole vertical extent of open-cut 
walls that are 10 feet high and show a horizontal extent of at least 15 feet. 
No fault has been definitely located that would account for this brecciation. 

In addition to the main ore minemls, finely cry ·talline quartz, chalcopyrite, 
and aragonite are uncomnlOn gangue mineral . Finely crystalline pyrite occur:s 
sparingly in the dolomite but not in the ore ·veins. 

Ohio.-The Ohio mine is in the Wlh sec. 15, T. 18 N., R. 15 W., near the top 
of the bill l 'lh miles south we t of Rea Valley (On et). 'Dhe openh\g is a wide, 
irregularly toped-{)ut tunnel that penetrates the hill in .a general w terly 
direction for about 300 ·feet. The ma!idmum width of .libe working is about 
100 feet. A SO-foot shaft is located in tbe bed of the tunnel, orne dJ.stanee back 
from the poctal. 

The tunnel is localized on a ·small monoclinal flexure that drops he bed on 
the north a distance of ·4 or 5 feet. Most of .the shattering a,nd sub equent 
milnel'alization occurred on the north or downthrowu side. The primacy 
mineraJtmtion produced jack and pink spar, but <>xidation of ·the jack ·to 
canbooo te ha been xten iv~ tn certain ;part of the mine. -According to Frank 

.:M.Uler, the ·ground ' for man during the la t run of the ·mine, the ore stoped out 
toward the rear was largely c.arbonate, and the back face of the mine is in 
carbonate ore. An intermediate block wa mix,~d jack and carbonate, .and re 
stoped from the front wa la·rgely jack. 

Owing to th accumulation o! a pond at the baok nd of the tunnel, only 
the twm 1 wall in the ja k-bearing block '''a ace sible at the time the prop-
rty was xamineLl. The mineralized a ds con ist of a ilicified dolomitic 

sandstone, 2 feet thick, o,·eriain b-y fine-"rained SI.Uld~- dolomite and underlain 
by mediu~r·ained dolomit . The jnck and pink ·par oc ·ur in the cavities 
of breccias prod-uced in the e ro k r in sbattet· cmck · wher•e deform Ltion has 
not been -$0 intens . Ore is c :1 ecially cone ntrated in t11e sand tone, where 
the jack rna es in place are 5 or 6 inches in longest dimension. The under­
lying dol mite include ome ore in r placement pockets. 1r. Miller reports 
that much of th jack taken from the mine o curred in a sociation with pink 
par on the wall.. of Iar"'e olution poc·ket in thi dolomite. ome jack is also 

di seminated in the dolomite. Tile sand tone i traver ·ed by a few thin veins 
of chert that carry disseminat d ja ·k, and the und erlying dolomite i banded 
with chert. This dolomite grades into lime tone near the portal, and the 
Iimet:ton has been in part repl aced by chert that carrie botl1 eli seminated 
ja 1' and bedding "einlets and irregula1· r placement ma . es of pink spar with 

me jack. 
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The gangue minera ls that accompany the j ack and pink spar in the variou 
type of ore oc ·urrences are ca lcite, cha lcopyrit , and gypsum. The zinc car­
bonate that has been formed by alteration from the jack i mostly of the 
blue-gray cry talline type, but some is the yellow turkey-fat variety. 

'.rhe production of the mine, about 175 tons of concentrate , wa made 
ehiefiy in 1922-23, although there '"a a mall output in 1916. Th ore was 
milled on the prop rt~' -

Hig1W1J.-'l.'wo openings were examined on th i property, both well up on the 
east s lope of the bead' of Blue John Creek, in the NEl;.J. sec. 16, 'I'. 18 N., R. 
15 w. One is a haft 50 or 60 f et deep now full of ''•ater. The ore is 
reported to have come from a 10-foot bed at the bottom. The ore-bear ing 
rock i medium to coar e grained, dolomit , in part sandy, of the Everton 
formation. The ore is mixed ro in and black jack and occurs disseminated in 
the dolomite in grains from one-eighth to one-half inch in ize or else is associ­
ated with pink par and a li ttle fine drusy quartz in replacement vein a long 
the bedding or le s commonly in cracks aero s the beddlng. In the bedding 
vein the jack masses a re tabular and evera l inches in diameter, though only 
an inch or a fraction of an inch thick. A little carbonate bas formed from 
the jack. In the ore-bearing beds secondary chert was formed as a matrix 
to the dolomite grains during the mineralization. The ore wa not ob erved 
in place here, but. considering the amount that has been taken out of a small 
opening the pro pect would seem to warrant further exploration. 

The second opening is several hundred f t southwest of the first. It is 
35 feet lower in altitude, but owing to the southward dip of the strata in this 
region may be at about the same geologic horizon . The opening is an 80-foot 
open cut that passes into a tunnel. The tunnel goes in 75 feet, to a point 
where a r ather larg room has been toped out, and a raise has been driven 
here to the surface. Two short drifts extend back into the bill from thi 
room. The country rock is fine to medium grained dolomite, with a little dol<r 
mitic sandstone. It bas been brecciated and the open paces filled by pink 
spar and' some jack. 1 ot all of the brecciated rock bas been mineralized, 
however. Much of the pace between the breccia fragments is filled with sandy 
clay. The rock underlying at least some of the barren breccia is limestone, 
but crumpled in uch a way a to have destroyed the bedding. The breccia­
tion appears to have been produced by two or three small sharp 'flexures that 
di place the rock only 1 or 2 feet each. Abaut 40 feet above the level of the 
tunnel and 100 feet southeast of it, practically in line with the workings, the 
breccia seen in the tunnel is exposed in a shallow surface cut, where it 
likewise carries a little jack and pink par. 

The breccias in the main mine are tt·aver ed by several irregular solution 
channels, 1 foot or more in maximum diameter, that are lined with crystalline 
pink par. In some of the smaller ore pockets a little calcite and a trace of 
chalc pyrite are developed as gangue minerals. Some silicification accom­
panied the minera lization in places, and the resulting chert may carry a little 
disseminated jack. 
Reyno~cls.-This mine i located on the right ide of the head of Blue John 

'reek, a short di. tance back on the g ntle lope from the bed of the hollow, 
in sec. 16, T. 1 N., R. 15 W., at an a ltitude of 60 feet. The strata in th 
Yicinity lip a few degrees to the . outh . The opening i · a la rge open cut 100 
feet long, 30 feet wide, and 30 to 40 feet high at the back. From the back of 
the cut a "' ntly ri ·ing tunnel ex tend. the working.· 40 or 50 feet farther. The 
workings follow a mall break in the rock that ha di splaced the trata per­
ltap a foot or so, though the ffect was accompli. hed by bending and crumpling 
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of the strata over a width of several feet rather than through a clean break. 
The ore-bea ring rocks a re largely medium-grained dolomite, with an inter­
bedded sandstone seam here and there. A little of the dolomite has a greeni h 
tinge due to the presence of inter titla l greenish clay, but most of it is light 
gray. The ore i j ack associated with pink spa r and a little fine dru y quartz 
in irregular veinlet and replacement pockets in the dolomite along the 
crumpled zone. The pink par extends back farther from the main line of the 
break than the jack. A minor amount of carbonate has been formed by altera­
tion from the jack, though it is pos ible that the body of ore taken out, being 
somewhat more open than what remain in the wall, may have conta ined a 
higher percentage of ca rbonate. There was originally a mill on the bank of 
the hollow, but it i now in ruins. The mine bas evidently been worked blind. 

01'eat Eastern.-This prospect is in sec. 8, T. 18 ., R. 15 W., near the center 
of the south line. It is near the head and on the left side of a hort hollow 
that drain north to rooked Creek. The horizon is in the Everton format ion 
140 feet below the St. Joe limestone. The developments consist of a cut in 
the steep hillside, 50 feet along the hill, 30 feet into it, and 20 feet high at the 
back, with a curving tunnel going back 70 or 80 feet from the back side. The 
back 30 or 40 feet of this tunnel i in barren limestone. The mineralization near 
the front wa evidently due to a structural flexure, showing above the portal, 
that drops the rocks on the north a distance of 2 or 3 feet. 'l'he ore is jack 
accompanied by pink spar. It occur either in replacement pockets and bedding 
veins in a ilicified limestone, 2 to 3 feet thick, or else in a brecciated fine to 
medium grained dolomite, not more than 3 feet thick, that oYerlies the chert. 
The depo it i of low grade owing to the great preponderance of the pink spar 
over the jack. 

Willett.-Tbi mine is on the steep north lope of Halls Mountain, east of 
Yellville, in the SElf~, sec. 12, T. 18 N., R 16 W. The horizon is in the Everton 
formation 185 feet above it base. l\lost of the country rock is medium-grained 
dolomite, but the ore-bearing bed, 2lf.a feet thick, is chert that appears to have 
replaced the dolomite. l\lo t of the ore is concentrated in the upper foot of 
chert. Immedlat \y capping the ore-bearing chert is a 6-inch bed of cherty 
sand tone, and G feet higher i the base of a thick bed of lime tone; the inter­
vening rocks are alt rnating dolomite and lime tone. A tunnel has been driven 
on the ore bed for 150 feet into the bill. 

The or mineral is largely zinc carbonate, either the black type or a cry tal­
line gray type or a flesh-colored variety that has replaced pink spar. It was 
derived by oxidation from ro in jack, a little of which remains. Some of the 
carbonate ma , both black and gray cry talline, are in large pockets, as 
much as s vera! in hes aero . The original jack occurred either in uch 
pocket as ociated with pink par or el e eli eminated in the cher t. Pink par 
occur in boU1 the or -bearing chert and the undeTlying dolomite n horizontal 
veinlet and irr gular pocket , but much of it in the ore bed has weathered 
to a r d clay that i mixed with the ore. A li ttle of the black ca rbonate bows 
green copper stain in t ra e . 

G ntle change in dip o cu r within the mine, and the ore may be related to 
the minor ·ag . A few ob cure f racture of mall extent appear within the 
roof, but there i. · no apparent enrichment in the walls wh re the e fractures 
reach tb m. 

The Willett mine produced carbona e ore during ·cyera l yea rs of the World 
W a r peri d, al out 200 ton having been reported for 1915, 1916, and 1917. 

Dyson.-Tbi min lies on tb southwc t \(lpc oC i:t high ridge OYerlooking 
Ia bb r r ek, in tlie SE14 ec. RO, T. 1 ' ., I . 15 'vV. 'l'he horizon i iu the 
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Everton formation 160 feet above its bnse. Th cl 1·elopments con ist of a 
large open cut, 100 fe t in diameter nnd 30 f f't de p at the back, with 
several hor t t unnel lead ing off from it, the long st n . bout 100 fe ·t long. 
The tunnels nr bnrren . A few hallow urface goug s li e south of the main 
cut. 

The ore·bearing rock is med ium-gra in d dolomite that di p at a low angle 
into the hill. It is broken up by veins and irregu lar vu"'s of pink spa r tha t 
cro s it haphazardly. Locally, mol' ment in the rocl< ha . r ·ul tecl in brec­
ciation; the. e more eli turbecl areas how pecially in the wull f th open 
pit, though al o in one of the outh tunnel . Within the main tunnel the 
dolomite i underlain by lime 'tone, but toward t he portal thi lime tone ha 
been converted in la t·ge part to dolomit , though irregularly o. Within the 
open cut what appears to be the nme bed i again, in pnrt, l ime ton . 

The ore that shows on the clump i of tow grad , c n i ting ch ie fl y of pink 
spar bowing ome slight replacement by zinc carbona tc. It was ev idently 
taken from the open cut. The original ja ·k a little of which remain on the 
dump, was mixed black and ro in-colored. It wa diss minated in ilicified 
phases of t11e dolomite or el e occurred sparin •ly with the abundant pink spar 
in cracks. The small amount of carbonate fo t·med by direct a lteration from 
this jack, without being transported any great di tance, i black or gt·ay noel 
crystalline. A trace of chalcopyrite occu r in a few place in pink- par I'll f< . 

GREASY CREEK-HAMPTON CREEK-CLEAR CREEK DISTRICT 

The Phillip mine, on a prong of Mill reek outhwe t of Yell­
ville, i included in the di trict embracin(Y Grea y Hampton, and 
Clear Creeks, which lies in we t-central Marion ounty south of 
Crooked Creek. The mineral depo it of th li trict o cur in the 
Everton formation, except for one depo it in the Boone. The Potts 
mine, with a production of 100 ton of jack in 1916, and the Mar­
guerite, with a r ported production of 200 ton of carbonat in 1916, 
have been the chief productive propertie . The ore at the Potts mine 
occurs in a dolomitic and tone· el ewhere in the di trict the miner­
alization wa limited to mediwn- and coar e-grained dolomite. 

Phillips.-Thi mine is in the SW~ ec. 20, T . 18 ., R. 16 w ., on a 
we t prong of Mill Creek. The working con · t of an open cut in tb bed of 
the creek and a shaft on the adjacent bank betw n two . mall prong of the 
creek. The shaft was full of water when Yis itecl but i evidently not very d ep. 
The geologic horiwn is in the El'e rton formation about 50 feet above it ba e. 
The ore-bearing rock is medium to rather coar~e grained mas i1·e dolomite, 
but where mineralized it ha been banded a lon"' t11e bedJHng by cher t. The 
ore min raJ is chiefly rosin j ack and occu r_ a ociated with pink spar, a littl e 
calcite, and a tra -::e of chalcopyrite in irregular cracks and replac ment pock­
ets in the dolomite. P yrite is sparingly de1·e!oped ill small replacemen t blebs 
in the dolomite and also al ong the boundar! b tween the dolomite and ore. 
A mall a mcun t of zinc carbona te hll · been formed hy oxidat ion of the j ack. 

The mill site is about 300 feet b luw the working ; the mi ll , how ver, hns 
been rcmol'ed. The pr duction of the mine i · not known, bu t it wa 110t ,·ery 
great. 

Wolt.-A prospect opened up by L. D. Wolf on the west ide of Grea y reck, 
in the first hollow south of the Yell ville-Ero roa d crossing, hows coil ·iderable 
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jack, with some ca rbonate, oct urring with 1 ink spar in cracks in a medium- to 
coarse-grained dolomite. The t>pening is a mall open cut in the Everton for­
mation 60 feet below the St. J oe limestone. The ore that has been uncoYered 
warrants further prospecting. 

BlankenBhip.-Thi prospect i L n the fairly gentle we t slope of the ridge 
between Grea Y and H ampton Creeks, at an altitude of 880 feet, probably in the 
SWJA, sec. 16, T. 1 ., R. 17 W. The ore horizon is near the middle of the 
Everton form a tion which is here about 200 feet thick. The workings con i t 
of several old-time open cuts and shafts and a 50-foot drift, all scattered oYer 
a diameter of about 200 feet. 

The ore occurs in a ra ther coar e gra in <:!d dolomite at the ba e of a erie be­
tween 50 and 75 feet thick compo ed of imila r dolomite _ In the drift it 
is 6 or 7 feet thick and i immedia tely on•rlain by a 4-foot sand tone, which 
is loca lly ore-bearing. The underl ying rock is limestone. The strata dip 
gently to the west. 

The ore con isted originally of mixed black and rosin jack, associated with 
pink spar and a little calcite, but a large part of the jack has been oxidized to 
carbonate or le s commonly to coarsely crystalline sHicate. The carbonate 
may be of the black porous type, derived directly from the jack, but more 
commonly it is gray and crystalline, grading in places to turkey fat. Still 
another type of carbonate is a fie h-colored variety that ha replaced pink 
par. A trace of chalcopyrite appear as minute bleb in the jack. The ore 

and gangue minerals have replaced the country rock along irregular hatter 
crack , but some of the jack occurs al o as disseminated grain , half an inch 
in maximum size, in the dolomite. 

G tzend.ene1·.-Two prospects were visited on the Getz~dener land, b()th in 
the SE1,4 ec. 21 T. 1 N., R. 17 W. One lies in the forks of a fiat Mllow 
tributary to Hampton Creek from the east, a quarter to half a mile 'from the 
u;ain creek, at an alti tude of 40 feet. The horizon is in the IDvet"ton formation 
65 feet aboY,e its ba e. The open ing is an open cut, 10 fe t ·w;de, 60 feet long, 
and 10 feet deep a t the ba!'k. The ore i of very low grade •md consists of 
jack with a littl e ca rbonate as ociated with pink spar in cracks in a medium­
to flue- ·ained dolomite. 1'he ore-bearing bed is feet thick and is capped by 
3 feet of and t n . 

The econd pro pect li at about the same altitude and hori.z n, on the 
round d point ju t b low the mouth of the tributary hollow. 'Ihe working are 
everal old haft on a oil-co\'ered anclr slope in the edge of a woods. The 

ore-b arin" rock and mineralization are the same a at the other pro pect, 
althou"h a little more mineral i \' isibl e on the dump . 

Marguerite.-Thi property lies ju t east of the Boone County lin in Ma:rion 
Co un ty, probably in th e 'IV 14. ·w 14 ,ec. 34, 'f. 1 N., R. 1 W., nea r th top of 
a low bluff on the right ide of Clea r Cre k. The horizon i in the Everton for­
mation ab u t 150 fp t below the t. Joe lime tone. The worki,ug consi t of 
about ix short tunn I into the hill o,·er a distrulc of 300 feet, at an altitude 
of 900 feet. The Ionge t tunnel i p rhap a little more than 100 feet lon,g. The 
or -bearing stra tum i · cappecl by a zone of alternatin"' quartzite and chert, the 
latt r representing ·i!icifled limestone. The chert is more abundant thau the 
quar:zit and contain ca ·ts of dis enliunted juck. '!he ore bed is a medium­
grain d do l omi ~e that i d i!ledly hre~ iated in place , the inter ti ·e betw n 
th breccia frn gm nt bei n"' till e1I wit h ore and gangue. 'fhe ore 1uinera l is 
ro in jack that lHnv c nsiderable a lteration to ilicate and carbonate; the 
carbonat include>< a little hydrczincit . The chief <•augue mineral i pink 
spnr , which is far more abundant than the ore. A trace of chalcopyrite ac-

00371 - 35--10 
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companies the jack and on oxidation is altered to auricha lcite. The production 
from the mine is reported to have been about 200 ton of f re caruonat , mar­
keted in 1916. Ore how in only the tlu· south rnmo t tu nnel ·. 

Potts.-'.rhi s mine, worked by the Clear Creek Mining Co., is at an a ltitude 
of 840 feet, well up on the right lope of King Branch at its junction with 
Olea r Ore k, in the NW J4 ec. 27, T . 1 ., R. 1 W. The working is an open 
cut, 50 feet in diameter, 20 feet deep a t the f ront, and 35 feet de p at the back. 
Thi cu t wa made in one side of a shallow draw, so that the lower 15 feet is 
at pre ent full of wa ter. The horizon is in the Everton fo rmation 70 feet below 
the St. J oe limestone. The ore is mixed rosin and black j ack, wi th me zinc 
carbonate, and occurs associated with abundant pink par and a lit tle finely 
cry talline quartz in irregular replacement pocket that are commonl y e lon­
gated along the bedding, and al o in crack , in a rather coa r e grain d and-
tone. The sandstone is dolomitic and in places grade into a medium-g rain d 

sandy dolomite. The individua l jack masse may be as much a 4 or 5 inches 
aero s. A t race of chalcopyrite accompanie the jack. The carbonate may be 
tlack noncrystalline or pearl-gray crys talline. Th black va riety commonly 
carries a trace of malachite or a urichalcite. F eld pa r (orthocla e and micro­
cline) i a microscopic constituent of the small amount of in ter titial chert in 
the more dolomitic rock. The ore bed is overlain by 2'0 feet of una ltered lime­
stone, and this by a 4-foot ledge of sandstone. 

The mill, now more or less in ruin , is on the bank of lea r Creek at the 
mouth of Kings Branch, about 700 feet f rom the mine. The Potts mine 
marketed about 100 tons of jack con ·entrates in 1916. The deposit is of 
somewhat higher grade tha n many of the others of the di trict, a lthough 
there is no way of telling how ex ten ive the d posit is, a it is not related to 
any evident t ructural feature. 

wnamRd m·ospeot.- On the left side of u h ollo ' trl i.Jut.ury to 1ea1· re k 
f rom the west, in sec. 20, T . 18 ., R. 1 W., is a pro pect of intere t in that the 
mineralization occurred in the Boone limestone, far from the other occurrences 
of ore in this formation, which lie in Newton County. The opening i · a small 
open cut, lyi ng at least 40 feet and probably con iderably more above the 
ba e of the Boone. The original r ock Is a coar ·e-gra ined very light gray 
marble conta ining a little fossiliferous cher t. This marble has been battered 
and invaded by seconda ry chert, whicll bas r eplaced the origi nal lime tone 
wholly or in part. Where the silicification has not been complete the marble 
ha been r ecrystallized to a finer-grained , gr ay r cher ty limestone. The 
ore mineral ls chiefl y ro in jack, with a little black jack mixed in, and is 
dis ·eminated ln the replaced ot· rect·ystallized pa r ts of the marble. Pyri te, in 
very fine blebs, occurs sparingly in the same pha es tha t ca rry the jack. 
Pink spar occu1·s in inegular repla cE.>ment pock ts in the mineralized rock 
but is not itself ore-bearing. 

The primary Boone chert, carrying abundant crinoid stems, is unaffected 
by the mineralization, and much of it remains as residual mas. es in the 
secondary chert. The fact that many of the e residuals a t·e very augular 
f ragments is further evidence, in addi tion to the angular shape of many of 
the marble fragments, that the rock was shattered before being mineralized. In 
places two or more adjacent f ragments of primary chert a re very plainly pa rt · 
of an ori ginally unbroken mass. 

Maxwen.-This pro ·pect, opened up by J oseph Migliori , i · near the center 
of sec. 15, T. 18 ., R. 1 W., on the lef t bank of lear Creek just below the 
mouth of a rather large hollow. There are severn! shaEt , incline , and pen 
cuts in a andy aban doned field that slopes toward the creek. II the \\'Orkin" .,._ 
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are caved in. The horizon is in the Everton formation, probably 30 or 40 
fee t above the base . . The country rock is a coa rse-grained dolomite, grading 
in places toward medium grain. A few residual streaks of limestone appear 
along the bedding of the dolomite, and in the mineralized beds these are silici­
fied to chert. The ore is rosin jack associated with pink spar and a little 
calcite in replacement pockets and irregular veins in the dolomite. The jack 
forms granular aggregates 2 inches or more in greate t diameter. Dissemi­
nated jack may also appear in the dolomite and in some of the chert bands. 
Zinc ca rbonate and silicate are developed as altera tion products of the jack 
but are subordinate to. it. Some of the carbonate masses include a few small 
·pecks of malachite, indicating a trace of copper in the primary ore. 

The production of the property bas been practically nil. The mill was set too 
close to Clear Creek and wa washed away in a tloocl. 

On the right side of the tributary hollow, 500 feet up from Cl ar Creek, the 
dumps of a couple of demoli bed hafts, probably on the same property, bow 
much the same type of mineralization as at the main group of workings except 
that possibly there is more jack relative to the pink spar. Some of the jftck 
masses are 5 or 6 inches aero s and 1 inch thick. A little ore appears in sand­
stone in addition to that in the dolomite. 

HARRISON DISTRICT 

There are everal mine and prospects a t of RatTi on, along 
Crooked and Hu ar reeks, in Boone County. Not all of them. have 
been visited. The mineralized zone is usually in the Everton forma­
tion; at the Denison hafts, however, it is apparently the t Black 
Ledge of the Powell. The ore is jack at ome mines and carbonate 
at oth rs. The production for the district has probably b en le s 
than 1 000 ton of concentrate . 

StM·key.-The e workings lie in the E lfJ, SE14 c. 9, T. 1 N., R. 19 W., in an 
old field on the left slope of a fiat hollow that i tributory to Hu ar Creek from 
the outh. The working are a ries of irregular open cuts, none of them more 
than 10 f et d ep, attered over a di tance of 600 feet or . o along t he lope, at 
an altitude of about 950 feet. There are al o a few hallow shafts. The ore­
bearing rock l a medium- to coarse-!ITained dolomite in the Everton formation; 
it grades in places into chert. The primar~ ore is ro in jack that occurs chi fly 
along cracks and b dding plane and in replacement pockets, in a. ociation with 
pink spar, but a l ·o to orne extent dis minated in both the dolomite and chert. 
l'lo t of H, however, ha be n o~id ized to a gray to tl h-colored cry tall ioe 
ca rbonate, or locally to turkey fat or to the fine fl h-colored rod type of car-
bonate. ome of the fi sb-colored ca rbonate r places pink par. 

Some free carbonate bas b en hipped from the Starkey property, and about 
100 ton wa ·bipp d from th Bowie land, a short eli tance f rom the Starkey 
working . The Bowie workings were overlooked by the writ r , but the ore is 
reported to b similar to that at the Starkey. 

HalUday.-This mine i in ec. 4, T. 1 ., R. 19 W., on the s uth bank of 
Crooked Creek. The opening i a shaft who e collar is 20 feet above the 
lev 1 of the creek. The blef ore-IJ aring ro k is a medium-grained dolomite, 
Randy in places, that i lo ally ilicifl d to chert. Thi rock is apparently at 
th very ba e of t.be Everton formation. A little of the ore, to judge from 
tbe r cl' on the dump of the shaft, is in the Powell dolomite, which crops out 
in the cr ek bed j ust north of the . haft and is undoubtedly penetrated a short 
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di tance below the collar of the haft . . The ore i ' mixed rosin and black jack. 
the former predoiJ1inating. It occurs as ociated with pink spar and some 
calcite in crack and bedding vei nlet . A little cha lcopyrite accompanies the 

re. The mill on the prop rty ha burn d down. 
B enison .-Openin"' n thi · property al'e on a gentle lope on th outh ide 

of Crooked reek. in rhe W % E% sec. 6, T. 1 ., R. 19 W. Th workings 
con ist of four or five haft., whose collar lie 10 to 30 feet above th le1·eL 
of the creek. They are opened in t11e row 11 clolomite, and apparently the 
ore wa deriYed from the tBlack L clge. The or zon is reported to be 
feet thick an d to He about 85 feet below the haft collar . A mill was built 
on the property, but the ore run wa of too low grade ( reported 3 to 4 p rc nt 
jack) to be ·ucce • . fully operated. pecimen of ore f rom thi horizon . how 
rosin jack, a so iated with flu e drusy quartz, in vug in a massive, rather fine 
grained dolomit . Fine cube of pyrite a! o line orne of the e vugs. 

In addition to the or that wa de.riv d from the. Powell, the wa te dum(> 
t~ t the mill ·how numerou block that came from working in the .Everton 
formation. The sour e of these Everton block was not a ·ccrtained. The 
ba e of the Evert n south of the mill site i 110 feet above the level of the 
creek. The E1·erton block how ro in jack dis eminated in chert and al o 
associated with pink par in crack and replacement pocket in chert, and­
·tone, and medium- to coa rse-grained dolomite. Mu ·h of the jack ha · oxidized 
to vario us types of ca rbonate--gray, fie h-e lored cry talline, rod, black, etc. 
The black carbonate ha specks of malachite. 

The Deni on property i report d to have produ ·ed 70 to 100 ton of ore 
in 1899, bu t whether thi ore was taken from the haft or from ome 
horizon in the Everton i not known. 

North Star.- Thi mine i on the t ep right bank of r o k tl r ek in the 
NW ¥.t E;4 ec. 1, T. 1 ., R. 20 W., 3 mile east of Harrison. In a stretch 
of several hundred feet along the creek there are several irregular-shaped tun­
nels dt·iven into the hill mo t of them about 60 feet above the level of the 
ereek. One of the more productive humels is caved. The ore .hot·izon i · in 
t.he IDverton formation, but not all of the tunn I are at exactly the arne 
horizon. Mo t of them lie ju ·t ·below a 1o-'foot bea of and tone, ·!rut ·the 
tunnel that is caved lie 20 feet below it. The ore-b>ea ring ro k is chert that 
eontains len es of medium-grained dolomite and in place a little sandstone. 
Part of t11e cher t may have replaced dolomite, but mo t of it has replaced 
lime tone, into which it grades latetally. The chert i e pecially characterized 
by thin seam and partings, more or le s broken up, of a greeni sh clay mineral. 
Most of the workings show a mineralized face 8 or 9 feet high. 

The ore i chi eft ~· ro in jack with a littl e adn1b:ed black jack. It occur 
diss,eminated in the chert and nl ·o. in a ociation with pink spa r, in ccacks 
and repla ·em nt pocl;et · in the chert, dolomit-e, and ·and ·7one that make 
up the ore bed. Considerable carbonate of 17 fil"iou types has been deril·ed by 
alteration from tile jack, nnd it i po ible that carbonate may have formed a 
h igher proportion in tbe ore t11at ba been taken out. Mo t of th,e cat:bonate 
is of the gray to ft e~h-colored cry' talline type, but there i s om fie. b·colored 
rod carbonate and ome black carbonate. The black Yariety contain. specks 
of malachite and aurichalcite. Some of th e zinc ca rbonate replaces pink par. 
Zin ::: si li cate is repor •ed a on of the oxidation product but was not ob ·,erYed 
in the acce sible .workings or on t ile dump .. 

The :\ot·th . tar produced 350 to 400 ton · of concentrate , chiefly .ia ·k. during 
tbe World War. Tbe ore wa milled on tbe bank of the cr ek below the 
work ing , but the mill has been wa bed away. 
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ZINC DI TRI T 

The Zinc di trict lie chiefly in ea tern Boone County · the Tarkiln 
mine, however, i aero s the county line in Marion County. The 
depo it are located in the Yalley and tributary valley of UCYar 
Orchard and Tar kiln reek . The ore i in the Everton formation 
except at the oker Hollow mine, where the mineralization affected 
al o the overlying St. .Toe limestone. Characteri tic of the Zinc 
eli trict i the prominence of si licified limestone a a carri r for the 
<Ore . Medium- to coarse-grained dolomite , however, contain the 
ore a everal of the mines and prospects, and at the Jackpot and 
Tarkiln mines part of the ore occur in shattered fin e-grained 
dolomite. Mo t of the oxidized ore i ilicate in tead of carbonate. 
Jack is the product of a few of the mine but ha b en subordinate 
to th ilicate in the district a a whole. Many of the ore depo it 
in th ch rt are blanket ' in in which the run are poorly defined. 
There are no faults to which the ore d po its can be related. The 
di trict ha produced ,5.00 ton or more of concentrate and thus 
vie with the Davis Creek-Hurricane Branch district as the second 
most productive district in northern Arkansas. Of the total out,put 
not more than 100 ton or o has been jack· an additional1,200 tons 
is reported to have been marketed as mixed jack and silicate. 

V-an Vorkees.-This property lie on the left side of a we t tributary of 
Su·ga r Orchard Creek, almost on the point between the two and 120 feet or so 
above the bed of the tributary. It is probably in the EJ4SE1,4 ec. 29, T. 
19 N., R. 1 W. The development consi. t of ev ral tunnels over a stretch 
of 300 f et or so along the hill at a horizon in the Eh'erton formation just below 
tl1e t. J o lime tone. The country ro k compri . interbedded coar dolo­
mite, limestone, and sandstone, the limestone ho,·ving lateral gradations 
into dolomite In a few plac . The ore i. in th dolomite and i confined 
-chiefly to an inteHa! 1 to 2 feet in thickne that lies at the ba of a cer ta in 
I d nnd gen rally immediately above limestone. '.rbe ore is mixed ro in j11ck 
and gray to flesh-colored crysta lline carbonate and occurs either di emioated 
In the dolomite or el e a sociated with pink par and a little coa rsely crsstal­
line calcite in veinl t and iLTeg.ular pockets. The -cal ite may include small 
ery tal of chalcopyrite. A mall amount of the zinc carbonate i the yellow 
turkey-fat variety. A little of the carbonate bas replaced the pink spar. 

Vi1·ginia J.-This prost ct i in a hollow that drains into a tributary of 
ugar Orchard Creek in the 1\TWJ4SE14 sec. 29, T. 19 N., R. 1 W. The open­

ing i an open cut, 50 feet in diameter and 3 to 10 feet deep, in the b d of the 
hollow at an altitude of about 1,035 fee!. The ore is ro in jack, as o­
dated with pink spar, and occurs in Irregular solution druse and cracks 
in a oar e-grained dolomite of the Everton formation. The jacl' crystal have 
num r·ous minute cry tal of chalcopyrite on their free urfaces and in places 
are bordered, along th ir irregular contact with the dolomite, by thln films of 
finely cry. talllne pyrite. The ore bed i 2¥.2 feet thick and is underlain by 
limestone and overlain by 2 feet of cherty andstone that may contain a little 
ore. Above the and ton come another b d of dolomite very similar to the 
one that contains th ore except that it i barren. Thi property did not 
produ during the period of activity brought on by the World War. 
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M aclison.-The Madison mine is on the right bank of a hollow tributary 
from the south to Tom Young Hollow, in the N%NEJ1A. sec. 30, T . 1f} N., R. 1 W. 
The ore horizon is in the Everton formation 20 to 50 feet below its fop. The 
main developments consist of two tunnel , one 15 feet above the other; the 
lower one is 250 feet long, but the upper one is caved, so that its length was not 
determined. It is reported that one of the tunnels broke into a natural cave, 
carrying some ore in its fi or and explored for a reported distance of three­
quarter of a mile. The ore d posit in the developed working i appar ntly 
local ized along an obscure fracture that run in a general outh a t direction, 
although the workings ''rithin the lower tunnel extend irregularly in to the wall 
away from the fracture, and the main gangway does not fo llow the fracture 
very closely. In a few places the dolomite forming the wall rock is defin itely 
brecciated, with or without the inva ion of int r titi al sand from orne out­
side source. 

The ore-bearing rock in the lower tunnel i a m dium to rather coa r ·c gra ined 
dolomite that grades in place into limestone and that may earn- unaltered 
blocks of lime tone within it. The bed av rage · about 5 f et in thickness and 
is capped by 15 inches of andstone, sli <>htly mineralized in spot . The ore in 
the portal of the upper tunnel , extend ing for 15 f et above the floor, i in 
quartzi te and dolomite. Part of the dolomite bows a greenish ca ·t, owing to 
the development of a greenish clay mineral between the grain of dolomite_ 
Away from the mine the dolomite may grade into lime tone. '.rhe rock betw n 
the two mine level i comparatively barren, but where exposed it d e nut 
differ greatly in character or in type of mineralization f rom the rocks that 
carry the ore. Above the ore-beating rocks of the upper level come 20 feet of 
sandstone tbat forms the top of the Everton. 

Silicification accompani d t11e mineralization, and the re ulting cher t occurs 
as bands, with vaguely defined boundaries, along the bedding lines of the dol­
omite, or where the silicification has been more intense the chert may increa .• e 
in amount and even replace the dolomite completely. 1uch of the chert con­
tains disseminated jack or its casts, but some of that between the two mine 
leYels is practically barren. , 

The primary ore mineral was rosin jack, with a small amount of black jack, 
and it occurred dis eminated in the chert, in blebs a quarter to half an inch 
in diameter, or disseminated in the dolomite, or as a crack or inegular vug 
filling, in association with pink spar, in the dolomite. The greater part of it, 
however, has been oxidized to silicate, the jack being preserved only in ce rtain 
well-protected blocks. Black forms of the silicate contain spots of malachite, 
showing tha t a trace of copper was deposited along w'U:h the zinc in the 
primary ore. Zinc carbonate occurs as a coatin"" of pink-spar crystals, but it 
is on the whole rare. 

An unusual feature that shows at one place in this mine is the presen e of 
Oryptozoon remains (see p. 31) preserved during the dolomitization and accen­
tuated by the subsequent introduction of chert, with its disseminated ore, along 
the bedding lines. 

The Madison mine has produced a considerable amount of ore, milled on 
the property, but the tonnage was not ascertained, though it probably bas 
exceeded 500 tons. Several carloads are reported to have been shipped before 
1907. 

F1"isco.-This mine is in the WIA.SE'A. sec. 17, T. 19 N., R. 18 W. There 
are tunnels and open cuts on the property on both sides of Mill Branch just 
below the mouth of Coon Hollow and about 50 feet above water level, at an 
altitude of about 950 feet. The geologic horizon Is in the Everton formation 
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15 feet or so above the base, but the beds that are mineralized cannot be identi­
fied as the same on both sides of the creek (other than by their similar po i­
t!on), owing to the lack of any bed with sufficiently constant characters to 
permit its recognition as a key bed on both sides. This is attributable largely 
to the variations in texture to which the dolomite in a given bed is subject and 
to frequent lateral gradations from limestone into dolomite or chert in the 
same bed. 

The main opening on tl1e we t side of the creek is a tunnel, now largely caved 
but reported to have been originally about 150 feet long. The country rock 
con ~ists of alternating medium-grained dolomite, limestone, and chert. The 
ore in the tunnel is reported to have followed a fracture, running west into the 
hill, and to have been limited to a thickness of about 10 feet of beds, pinching 
out at the top. At 10 feet south of the portal of the tunnel a fracture is ex­
po ed running S. 85° W., along which, to a di tance of 1 foot or more on each 
side, the limestone has been silicified to chert and this impregnated with jack. 
It is possible that thi is the reported fracture onto which the tunnel swing 
after entering the hill. 

The original ore, to judge from the rock on the dump, was jack, disseminated 
in the chert beds or else appea ring as larger chunks bedded in the chert, but 
it has been entirely oxidized to silicate and carbonate. The silicate, which 
predominates, is rather finely crystalline. The carbonate is of several types, 
but the most abundant is the gray to flesh-colored crystalline variety that is 
characteristic of the northern Arkansas field. Less abundant types appear a 
fine opaque flesh-colored rods and as gray to blackish honeycomb masses, se,·eral 
inches in ma:\:imum size, and formed as a direct alteration product from the 
larger chunks of jack. A large amount of tallow clay was formed dut'ing the 
oxidation, chiefly from the chert beds, and at one place the tunnel is reported 
to lun·e passed through about 30 feet of clay along its course. If any of the ore 
wa d veloped in the dolomites, it i not evident from a careful examination 
of the dump. Pink spar occurs in a few small cracks in the a sociated dolo­
mite but it was not observed to carry ore. 

A eries of open cuts at the same level, extending for 200 feet south of the 
tunn 1, yielded both silicate and carbonate, derived from disseminated jack in 
chert. The mineralization was therefore not confinect to the fracture in the 
main tunnel, but the ore was probably much richer there. 

The main tunnel on the ea t ide of the creek goe 300 to 400 feet into the 
hill along an irregular course and follows no apparent fracture. The ore zone 
i limited to a chert bed, 1 foot or less thick, and the lower few inche of an 
overlying bed of medium-grained dolomite. Unaltered limestone lies below the 
ch rt. Th original ro in jack, of which a little remains, was disseminated 
in the chert, or embedded iu the chert in mas es as much as 1 or 2 inche in 
size, associated with a li ttle pinl' par, or banded along the bedding of the 
overlying dolomite, in lenses as much as 2 inches thick. Most of it has been 
altered to colorle s crystalline ilicate, but a little has been altered to black 
silicate, which may contain a few peck of malachite. Crystalline carbonate 
was formed to a very minor extent. Silicate bas also formed as an opaque 
flesh-brown replac ment product of chert a ljaceut to the ore pockets. The 
rest of the enclosing chert was in part altered to tallow clay during the oxida­
tion, and some of the clay is white instead of the more usual reddish brown. 
A few ma es of pink par with a !itt! associated calcite, underlying the chert 
becl, have been altered to a "brown spar" during the oxidation. 

At a small opening 250 feet north of the main Frisco tunnel on the en t 
side cry talline gray ca rbonate and siUcate both occur in the ca ts of dissemi-
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nate<.! jack in a thin-bedded chert about 4 f t hi glt r than the re horizon 
at the Fri o. 'rhis opening may be on tbe Bollin"er tract, which li e· betwe n 
the F risco and the Gloria. 

T he production of the Fri co proper ty is reported by Lou Brown, f Ziu , 
to have been about 500 tons, chiefly from 1912 tu 1917. Th ore wa con en­
t rated at a mil l below the tunnel, on the west ide of the ere k. 

Oloria.-Thi · property i ad jac nt to the Fri co on the ea t ide of Mill 
Bra nch, probably in the E%NEI4 e . 17, T . 19 K , R. 18 W. The horizon 
i ' in the Everton formation, the ba e of tile mineraliz d zone lying abou t 10 
feet above the base of the formation. 

The main tunnel, which is 600 feet northeast of the Fti c tunnel, is a 
network oE winding, branch ing, and interc nnecting drift that penetrate the 
hill to a maximum distance of about 400 feet. The ore-bearing bed is a si licifl d 
lime tone, or 9 feet thick, underlying a rathe r coa rse-gru ined d lomite. It 
eems to be the same bed as that in the Fri co on the ea t ide of the creek, 

except that a greater thickness of the lime tone underl yin~ th dolomite was 
si licified and mineralized. Although working within the tunnel extend up in 
place into the dolomite and overlying bed to a height or 25 feet above the 
floot·, these higher levels are appa rently ra tller lean. The original ore mineral 
was rosin jack, bedded in or cro cutt ing the cher t along crack ', but it ha 
been largely converted to both colorle s crysta lline a nd black sili ate. ome 
re ·idual jack occurs in the black silicate but i not abundant. Silicate a! o 
oc ·urs a a fi e h-colored to brown replacement product f the nclo ing cher t 
adjacent to the ore pocket . The pre ence of a little copper in the primary ore 
is indicated by specks of malachite in the black ilicate and by littl, clu ters 
of a urichalcite globules in cracks with the cry talline silicate. Pink par was 
not observ2d in the main ore bed, but that it was formerly present is shov1•n by 
the occurrence of silicate pseudonrorphic after it. It occur in earns and irreg­
ular pockets in the overlying dolomite, but without any associated ore. A large 
amount of tallow clay, both orange-colored and white, was fo rmed in the chert 
during the oxidation, and as a con equence the mine is very muddy. A large 
spring runs the whole length of the main tunnel. 

Besides the main Gloria tunnel there are numerous other minor openings 
at about the same level or{ both sides of the creek . In a cut a bort distance 
south of the main tunnel, on the same side of the creek, silicate, much of 
which is black, is banded in the 4 feet of weathered dolomite overlying the chert 
zone of the main tunnel. North of the main tunnel the chert zone i practically 
unminl'rali.zed. Several cuts over a distance of a few bundr d feet reveal 
only ·baTren limestone at this level. A cut about 100 feet .§OUth of the Gloria 
mill, which lies north of the main tun nel, shows a little jack and carbonate 
a sociated with pink spar in medium- to coarse-grained dolomi te, but the 
hotizon was not determined. An opening just back of the mill, 550 feet 
northeast of the Gloria tunnel, reveal a zone, 1 foot thick, of chert contai ning 
disseminated rosin j ack and pink spar, which lies between ba rren lime tone 
below and medium- to rather coarse-grained dolomite above. The dolomite 
is largely barren except fo r a little carbonate associated with pink spa r in 
pockets a t one place. The ore in this opening appears to be at the same 
geologic horizon as that in the Gloria t unnel and· in the Frisco. · 

About 100 feet north of the mill an open cut, reported to have produced 100 
ton of f ree carbona te, has part of the ore developed in bedding cracks and 
cro cutting veinlets in a fine-grained dolomite, 10 feet thick, whose base is 
30 fee t above the base of the Everton. This dolomite overlies the beds that 
ca rry the ore farther sou th and appears to be the same as the similarly miner-.-
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aliz d rock in the J ackpot. Perhaps the greater production from thi cut, 
howe>er, came f rom replacement pockets in the underlying medium-grained 
dolomite along a di turbed zone at the entrance to the open cut. The minera l 
is rosin jack, in part altered to carbonate, and is associated with pink spnr. 

The northernmost working on the east side of the creek lies 700 feet north of 
the mill and is a tunnel 100 fee t into the hill. The ore shows chiefly in the 
head ing. It consist of rosin jack disseminated or forming small pockets along 
the bedding in a dolomitic chert, which was derived by silicification f rom a 
dolomitic limestone. The chert carries numerous replacement vugs of pink 
spar, but the~e vugs do not <'ontain ore. In much of the material appearing 
on the dump the jack has been oxidized to carbonate or less commonly to sili­
cate. The carbonate i of various types, gray crystalline, black crystalline, and 
matted aggregates of tine flesh-colored rods all being common. Some of the 
carbonate is pseudomorphic after pink spar. Scattered specks of malachite 
show in the black carbonate. 

The openings on the west ide of the creek consist of open cuts and short 
tunnels at an altitude 15 feet or so higher than the workings on the ea t side, 
but as there are no natural outcrop , the geologic horizon is not determinable. 
The ore minera ls are ilicate antl carbonate of zinc, altered from dissem ina ted 
jack in chert. Some of this chert forms the matrix to a breccia of fine­
grained dolomite fragment . A small amount of malachite accompanie ~he 
oxidized zinc ores. 

The production of the Gloria group of workings has been about 1,TO tons 
of concentrate , according to Lon Brown, of Zinc. This was made chi efly 
during the period of wa r production, from 1914 to 1918. 

Jaokpot.-This mine lies in the NW% sec. 16, T. 19 ., R. 1 W., on the east 
side of Mill Branch, above the Gloria workings but a few hundred fee t up a small 
tributary holl ow. The main opening is a tunnel from the back end of an open 
cut, at th e level of the bottom of the hollow and on its outh ide. It was 
full of water at the time of visit, but according to reports there are two or 
three fork , none of them longer than 100 feet or so. The open cut in front is 
200 feet in length (along the hollow), 100 fe t wide, and 15 feet deep. A second 
tunn el, now ca,·ed, went into the north '''all of the hollow opposite the mouth of 
the fir t tunnel. It con- I to the northeast after entering the hill and was 150 
to 175 feet long. A third and rather short tunnel went northeast into the hill 
100 f et or so up tream from the econd one. It was not very productive. 

The ore in the portal regions of the two main tunnels i largely ro in ja k, 
associated with a little pink spar and calcite and a very little finely cry tal li ne 
malachite. It occurs o,·er n thickness of 15 f et in cracks and shattered zones 
that locally grade into breccias, in a floe-grained dolomite. This dolomite lies 
a short di taoce above the chert zone that carries the ore in the main Gl ria 
tunnel and in the Frisco tunnel, but the exact distance was not determinable. 
It is underlain by 4 feet of cherty sandstone, somewhat brecciated and con­
taining frngments of floe-grain ed dolomite and scattered pockets of jack, pink 
par, and calcite. 

Although the beds of the region as a whole lie nearl y flat, there are numerous 
local structural di. turbances within the mine that produce dips in various 
dlrections of n much as 10° o1· 15°. 'l'he shattering that has re ulted in ore 
depo ition i con entrn tecl whei·eyer there i an abrupt cbange in diP. In a 
few place the shattered dol omite ·ontains a matri x of fine white sandstone 
Instead of ore minerals. 

It is reported that both the north and tbe south tunnels went into ilica te 
ores at th ir rear ends. The south tunnel, according to W. A. Me uJTy, of 
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Zinc, dropped to an underlying chert zone and protluced ilica te ore very similar 
to that of the Gloria . ome of the ro l' on the dump how or of thi type. 
Part of the ori"'inal jack, f rom which the i.licate was derived, i pr ~erved in 
this rock. It is mLxed ro in and black jack and occurs in r pia ement p ck ts 
that may atta in se\7eral inch in ize. 

The produtt ion of the Jackpot during the early year of the \Vorld War wa 
about 500 ton of concentrates. Of this about 100 ton wa jack, and the 1·e t 
wa · mixed jack and silica te, market d a such. 

Ll.lt111J.-This mlne is in the Wl/.1 
1ElA, e ·. 17, T. 10 N., R. 1 W. , on both 

sid of a small hollow that drains into Mill Branch f rom the northwe t. The 
altitude is 980 feet. The working cons i t of two tunnel , one n ca h ide of 
the hollow, at about U1e level of it bed. Tile tunnel on th north side fork 
about 100 fee t from the portal, and both fo rk were full of water at the time 
the property wa examined. The tunnel on the outh side i r ported to baYe 
been about 175 feet long but i now caYell. It prod uced mo ' t of the lmy 
OUt! ut. 

The horizon is in the E ,·erton formation GO fe t abO\'e it ' ba e a nd :tbout -!0 
fee t below the t. J oe. The rock formin"' the t unnel wa ll and extending 30 feet 
hi"'her in Ute section out ide U1e tunnel i cher t a nd hetty -and tone, inter­
bedded with and grad ing into lime tone and limy aml tone. mall amount 
of medium-grained d !omit is interb deled at the horizon of tb tunnel , and 
part of the chert is dolomitic. The top 10 fe t of the E,·er t n is sa ndston . 
In the portal re"'ion of the north tunnel the tra ta dip to th north and nor th­
west irregularly at angles of 5o or le , but these dip appear to be local in 
their development. 

The ore is zinc si licate. It is oxidized from mixed black and ro. in jack tha t 
was on e developed through the whole tbickne s of ·bert but more abundantly 
in certain bands than others. The jack wa either d i eminatcd or l' e fi ll 
seams and pockets in the chert. A little zinc carbonate accompan i the sili­
cate. Pink spar occurs in cracks in the dolomitic chert but is not a ociated 
with ore. 

A prospect shaft on the north side of the mou th of the hollow and two small 
opeu cuts on the outh ide, opp ite, have r vealed minera l in a fine-grain ed 
dolomite about 20" feet lo,-ver than the horizon at the maio Alm.y working . The 
mineralization i · s imilar to that at the Jackpot, a few hundred feet away, and 
the horizon is probably the same. The ore i es ·entially jack as ociated wiUl 
pink spar and fills crack · in the dolomite. The jack is rosin-colored on the 
north ide, mixed rosin and black on the south side. It i partly a ltered to gray 
crystalline carbonate on the south ide, and pa rt of thi carbonate bas replaced 
the pink spa r and preserved its crystalline form. Minor accessory minerals as­
sociated with the jack on the north side are calcite, fine dru y quartz, chalco­
pyrite, and pyrite. 

The A.lmy is an old-time mine that produced ore at lea ·t as early a 1902, 
perhaps earlier. Several carloads ru·e reported to have been taken out before 
1907. The total production is not known. During the war pet·iod from 1914 to 
1917 the Alroy produced about 400 tons of silicate concentrates, milled on the 
property. 

Coon Hollow.- These workings lie in Coon H ollow a quarter of a mi le or 
more above it junction, f rom th e northwest, with Mill Branch . The property 
is probably in the SE:I4NW:I4 sec. 17, T. 19 ., R. 18 W. The workings con­
sist chiefly of a series of hort tunnels into the hill on both sides of the hollow, 
over a distance of ·about 500 feet a long its course. The longest tunnel is 
reported to be about 250 feet long. These tunnels li e at an altitnd of !Y".)(} 
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t eet, from 10 to 15 feet above the bed of the hollow. 'Ihere is also a 30-foot 
shaft on th e west side of the hollow, 400 feet up tream from the group of 
tunnel . It lies 20 feet above the bed of the hollow, at an altitude of 9 5 
feet. One drift from its base goe we t about 75 feet, and two other go 
northwe t and southwe t respectively to a distance of 40 or 50 fe t. io t of 
t he 'oon Hollow workings are now caved. 

The deposit worked through the tunnels i an ore-bea ring bed (blanket vein) 
in the Everton formation, 15 feet aboYe its ba e. Its thiclme ranges from a 
few inches to 10 fe t. The exact horizon of the bed worked from the haft 
is not determinable, but it is at about the same altitude a the ore bed at the 
tunnels, and the ore is similar in character. The ore con ·i t - chi efly of zinc 
silicate with orne ca rbonate, e pecially at the north end of the group of tun­
nel , both derived from the oxidation of di seminated ro in jack in chert. To 
a le ser extent the original jack occurs in medium-grained dolomite, in crack , 
bedd ing veins, and irregular replacement pockets. orne of the dolomite i 
lined along the l:tedding plane with cher t, which may carry di eminated jack. 
A little of the materia l on one of the dump bows a breccia of fine-grained 
dolomite with a matrix of chert containin.., el i seminated jack. Only a mall 
p rcentage of the original sulphide r ema in . 

The jack i a ociatecl with a little pink par, e peciall ~· where it occur - in 
dolomite. Much of the ilicate is black and may contain .-mn ll peck. of 
copper carbonate (malachite). The zinc carbonate is of va riou types, but the 
gray and flesh-colored cry talline material are the mo t common. Some of the 
carbonate consi ts of a felted aggrega te of fin e flesh-colored rod , and some 
of it has r eplaced pink par and preserved the crystall in form of that min­
er al. A very small amount of turkey fat is pre. ent. 

The production of the Coon Hollow group is est imated by Lon Brown, of 
Zinc, t bav b n about 1,750 ton of concentrate , consisting of silicate and 
carbonate, produ ed chiefly between 1914 and 191 . A mall mill erected near 
the site of the shaft concentrated chi fly ore from the haft, but the gr ater 
produ tion of the oon Hollow property came from the tunnel . 

A few hundred feet below lhe main Coon Hollow working minera l ·how in 
small pro pect pit on both ides of the hollow at about the s~1me l vel, thou"h 
lack of outcrop prev nt determinati n of the geologic horizon. On the left 
side, 1,000 fe t up Lream from the mouth of the hollow, ro in jack occur in 
mecli um-grained dolomite, both di em inatecl and a ociatecl with pink par 
along becldin" lines. On tb right-hand ide, 200 feet down tream from the 
depo It ju t mentioned, cry ·tall ine carbonate and ~ilicate occur in cher t on­
talning ca ts of dis eminat d jack. In addition, carbonate ancl ro in jack are 
here dev loped in medium-grained dolomite in a ociation with pink par. 

Boggs.-Th se workin..,~ li e on the left id of Sugar Orchard Creek, 100 feet or 
so above the creek, about a mile above Zinc. The Boggs holding are in the 

EY.I,NE Y.i ~ec. 1 , T. 19 N., K 1 W., but a th ection lin pa rallel the 
fa ·e of the hill and lies only a . hort eli tance above the level of the working , 
mo. t of the tunnels pass into oon Hollow property in ec. 17 after en teJ·ing 
the bill a hort d istance. The h rizon worked i. in the Everton formation 20 
to 30 feet abo,-e it ba ·e. The working con i t of numerous tun nels 100 to 
200 f et long and open cuts !Tung along the hill o,·er a eli tance of a qua r ter 
of a mile. Mo t of the tunnel a re caved. The ore-b a ri D" bed i a dolomit ic 
cher t, derived from a dolomitic lime tone, bu t in place it gra cl s into a cherty 
med ium-grained d lomite. El:!.'"PO ures a re very poor, but in one place at the 
so uth end of the group of tunnels tlle ore bed i · 4 feet thick. 
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The original ore mineral wa ro in jack, di eminated or forming vein: alono­
the bedding in the chert or occupying irr gula r pocket in the dolomite. At 
the south end of the working some black jack was mixed with the ro ·in. Most 
of the jack has been oxidized to zinc ilicate and carbonate, predominantly the 

ilicate, and the-e product form the ore. The silicate is of various type , ome 
being finely cry talline and fie h-colored, but most of it is dark-col r d or e1·en 
black. 'l'he carbonate i chiefly of the cry ·talllne type and may be gray, 
pinki h, or yellow (turkey fat) ; some i blnck, and a small percentage of it 
i of the fine flesh-colored rod t3·pe. The proportion of carbonate relative to 
silicate increases toward the south end of the group of openings. mall pe ks 
of malachite are included in the black varieties of both the ilicate and ca r­
bonat€' . That ome pink par originally accompanied the ore in the chert is 
. hov1•n by the occurrence of a li ttle zinc ca rbonate p endomorphic after it, hut 
non of the original mineral i pre erved. Fine drusy quartz occur in the 
chert in as ociation with the ore . A greenish clay mineral is commonly devel­
oped along parting plane in the chert or forms the matrix of the dolomite. 

The production from the Bogg · tract during the period of high prices in 
the early part of the World War wa about 150 tons of sil icate and carbonnte 
concentrates. 

Mimlie Lee.- Thi property lie on the right ide of Sugar Orcbnrd reel;: a 
mile or so above Zinc, oppo ite the Bogg tract. It is in the Wlf2NE1/1 and 
the KWl/1 El!l, sec. 1 , T. 19 1., R. 1 '"· The main tunnel is probably in the 
middle one of the three 4(}.acre tracts. It is 200 feet long, i rather lnuous. 
and nter the bill at a horizon 15 feet above the ba e of the Everton formation, 
at an altitude of 990 feet. A shor ter south prong of the tunnel wa unpro: 
cluctive. The ore occurs o>er an interval of 6 or 7 feet, in medium-grain d dolo­
mite, fine-grained dolomite, and chert. The following i a ection of tl;e ore­
bearing beds, no. 1 lying a t the bottom of th ~ectiot : 

Section ot ore-bearing beds at Minnie L e min e 

6. Medium-grained dolomite. Feet 
5. hert, cleri\·ed from lime tone ______________ ______________ 1 

4. Medium-grained dolomi te---------- ----------------------- lf2 
3. Fine-grained dolomite---------- ------- ---- ---------- ----- 1¥2 
2. 1\ledium-grained dolomite; boundary with overl ying bed very 

indefinite---- - - - ------------ - --- ---- - ----- - - ------- ---- 1--
1. Chert, grading in places into banen limestone. 

Ore is developed in the basal 2 or 3 feet of no. 6 and in- the underlying mem­
bers, clown to and including the top 2 feet of no. 1, but most of it is concentrate<! 
in bed 2 and the top foot of bed 1, over an interval of 2 or 3 feet. In the other 
beds the mineralization was local, extensive stretches being barren. The ore i 
chiefly colorle s (crystalline) and black zinc silicate, the latter containing a 
few residual masses of rosin jack and numerous small specks of malachite. 
Pink spar accompanie the silicate in varying amounts in the dolomite , being 
especially prominent in the fine-grained dolomite (bed 3), where it i commonly 
unaccompanied by any other mineral. A little brownish-gray crystalline zinc 
carbon a te occur· in this bed in addition to the ·iJicate. In the two maio ore 
beds mentioned the ilica te occur in horizontal and cross-cutting seam. 1 inch 
in maximum thickne. that may extend for evera l feet along the walls of 
the tunnel. In the fine-grained dolomite (bed 3) the ore is found more in irregu­
lar poeket. . The mine sbows a la rge amount of reddi ·h clay, especially at the 
top of the lower chert bed. 
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eYera l hundred feet north of the main tunnel another tunnel near the 
head of a hallow hollow yielded zinc ilicate from a chert bed, probably from 
the arne horizon as in the main tunnel. Mo.· t of this ore wa ·· mined nenr the 
portal. 

The production from the Minnie Lee tract during the ea rly year of the 
World War was about 250 ton. . Of t his am ount about 70 tons came from the 
last-mentioned opening north of the main tunnel. 

Swansea H ollow.- In Swan ·ea Hollow, half a mile or so above its junction 
with Sugar Orchard Creek, ·ome prospe ting has be n clone b~· mean of a 
shaft sunk in the left bank of the hollow a few feet above it bed, probably 
in the northwest corner of sec. 17, T . 19 ., R. 18 W., a ltbough as the working 
plots near the section corner, it may be in one of the th ree adjacent . ection . 
The ·haft begin in the Everton fo rmation about 15 feet below th St. Joe 
lime tone and wa at one time 30 to 35 feet deep. The ore i mixetl ro in 
jack (containing a little black jack in the larger ma e ) and zinc sili ate 
and ho'l\-s eYera l di ffe rent types of occurrence, being disseminated or occupy­
in"' vugs in chert or occupying irregular cracks and pock ts in medium-grained 
dolomite or in cher ty andstone. Probably the different types came from dif­
fer nt beds in the shaft. The . ilicate i donrinant and is developed only in the 
cherty phase . It i reported to occur in a 3-to 4-foot bed at the bottom of the 
haft. The jack in the dolomite and cherty sa ndstone is accompanied by a 

little pink spar and calcite and in the chert by finely crystalline quartz. A 
mall a mount of chalcopy rite i present in the j ack, and a very little zinc 

carbonate i formed directly on the jack cr~"tal in some of the chert Yug~. 

This property produced a few tons, concentrated by hand jig"'ing. 
Rho<tes-Mancheste1·.-Thi mine is in the E~SE~ sec. 7, T. 19 ' ., R. 18 

,V., on the teep left slope of ugar Orchard Creek, about 2 mile· a.boYe Zinc, 
at an altitude of 985 feet. The matn working i a tunnel 430 feet long, very 
irregular in ground pattern and with a econd opening to t he surface to the 
outh of the main portal. Another tunnel opens 60 feet north of the first and 

goe _OQ feet into the hill. The horizon is in the Everton formation 20 feet 
above its ba . The structure within the mine is gently undulating on a mall 
s a le. A. fracture running N. 60° W. is followed for about 100 feet by the 
main tunnel in it middle cou rse; another fracture at the rear end of this 
tunnel run N. 5o E. These break hov1r no di placement but eYidently w re 
fa ,·orable zone for ore depo. ition. 

The ore is chi efly zinc ilicate, but ome gray cry talline zinc carbonate 
ccur in places, e pecially at the rear nd of the main tunnel and along the 

walls of its outh entrance. Most of the ore mined wa free and requir d no 
milling. It occurred in a bed a foot or o thick and wa a ociated with con­
siderable tallow cla y. The original ore, a little of which remai ns, wa . rosin 
and black jack, chiefly the forme r, a ociatecl with pink par, and occurred in a 
bed a much a 4 feet thid: that ranges in different place from medium­
grain d dolomit to chert. Int rmediat pha es bow th · dolomite banded by 
the chert, which may or may not be dolomitic. The rich oxidized ore wa 
derived from only the riche t foot or o at the top of the minera liz d bed. 
In plac s the lower part of the ore-bea ring zone and the uncle rl~' ing ba rren 
dolomite, with which it i continuou , .,. rade !at rally into ba r ren lim e- tcne. 
The rock capping the ore zone is dolomite. The or mineral appear in " ins 
and pock t along the bedding, some of t h pock t. 2 feet or so in diameter, 
though only a few inch in thickne. s . 'Where the country rock is cher t th~ 

original jack was al. o dis ern inatecl in it. Tra es of ma la hite appea r in the 

bla k . m ca te. 
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The production of the Rhode -1\Ianche ter mine durin"' the period of the 
World War was about 1,500 ton . In add ition to the free ore some of the 
rock was milled on the property. 

Three or four ch unk of galena, tb Ia rge t weighin 10 or 15 pound , were 
bla t cl out of PO\Y II "cotton roc\' " below the mine in excavating a p lace 
for the mil l. 

Mason.-Tbis property is in the W:i4SE1,4 ec. 7, T. 19 1 ., R. 1 W., on the 
opposite side of n"'a r Orchard Cr ek from th Rhodes mine. 'l'he a lti tude 
is 990 feet, and the geol gic horizon appear · to be tb same as at the Rhod s, 
though lack of exposure preYent c nfirmation of thls inference. The openings 
con ·i t of everll l short tunneL, now caY d. The or i zinc ilicate, with 
a little ca rb nate, as ociated with pi nk pa r in chert. The chert i partly 
dolomitic. Th silicate, where it i black, contain mall bleb of malachite. 
The Mason workings haYe produced 30 to 40 tons of ore. 

Oswego.-Thi mine Ji in the bed of l\lineral Hollow about a mile up from 
its junction with ugar Orchard Creek, probably in the SE:i4 sec. 12, '1'. 19 
R. 19 W. The opening i a shaft, 1 to 20 feet deep, from which a short inclined 
tunnel run off to the outh. The ore h rizon i · in the E ,·erton formation, 
perhaps 30 feet aboYe it ba e, though the ba e i first expo ed some distance 
clown the hollow. 'l' he ore-bearing rock is medium- to rather coar e-grained 
dolomite containing a sma ll amount of chert. The ore i mixed jack and 
zinc silicate btJt i reported to haYe been ma rketed as ·ilicate. It ccu r 
in la rge replacement rna es, a much a a foo t in dinmeter, in the dolomite 
or in clay altered from the dolomite. The jack i mixed ro in an 1 black, 
but more dom inantly the former, and con tain sma ll inclu ion of chalco­
pyrite. A little ?:inc ca rbonate occur with the . ilicate. The production 
from th is ot eniD"' during the World Wa r period wa about 70 ton . . 

Coker Hollow.-The oker Hollow mine is in th b d of a holl ow that is 
tributary to 'l'arkiln 
T . 19 '. , R. 1 W. 
'ounties, which are 

contained part of its 
formation. 

we t. It lies in the E%,NE1J., ·ec. 16, 
nlike most of the other mine in Ma t·ion and Boone 
veloped entirely in the Ev rtou formation, thi mine 
ore in the St. J oe lime tone member of the Boone 

All of the proclucth·e ground was worked from a shaft 110 feet deep. 
'l'he haft begin n t the top of the St. J o and at its bottom i reported to 
be in a fin e-g rained dolomite of the E ,·er ton , similar to the one that carri · 
the ore in tl.le Jackpot mine. Drift and stop · were made on three le,·el 
from t he shaft. On the lowe t lev I. 10 feet abo,·e the ba ·e of the shaft, 
a clrilt was cJri\·en to the outll but was unproclu the. On th 55-foot le,·el, 
n cu n ·ecJ clr ift a,·eraging le than 15 feet in width wa dri\·en fir· . t to the 
nor th, then swi n"ing to the w t and finally to the south ,vest. Thi drift 
i reported to have been in the Everton formation a ·hort eli tan · below th e 

t. Joe lime tone. Tb e uppe rmost I ,·el was 35 feet below the collar of the 
haft, entirely in the t. J oe lime ·tone. It wa " ·or ked as a ci rcular tope 

clear up to the surface, ancl later some 10 feet or more of ore was taken up from 
the fl oor. The re ultant opening i · a large gfory hole about 40 feet in diameter 
and 40 or 45 feet d ep. It lies we t of the haft ancl wi thi n the block enclo ed 
by the cunecl cl rift on the middl e leveL 

The ore i mixed jack and zinc ili cate, in about equa l proportions. In 
the upper le,·el it occu rs in mas es _everal inches in maximum size but 
averaging 1 or 2 inches, in the matrix of a pecul iar chert breccia thnt fo rms 
a pipelike bod.r in the St. J e. In that pa r t of the breccia that ti ll remains 
on the east wall of the glory bole the fra ·n1 nt · of the brec :ia a re primary 
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Boone chert that have come down from some higher level; the matrix is a 
soft drab chert (probably somewhat weathered in its present form) that con­
tain scattered casts of crinoid stems. Evidently the matrLx was originally a 
limestone that behaved more or less pia tically under the stresses that brecciated 
the more brittle chert. The block making up the pipe is believed to haYe 
been brecciated by the slumpage due to solution of the underlying beds. In 
the oxidized phase of the ore considerable tallow clay occurs as a filler 
in the breccia , eYidently from the alteration of the original chert matrix. 

The jack of the primary ore is mixed black and rosin colored, the former pre­
dominating. It contains rather abundant inclu ion of cha lcopyrite, which, 
in the oxidized phases of the ore body, have changed to the green copper 
carbonate, malachite. 

The ore from the lower horizons, in the Everton form ation , wa not observed 
in place, but material on the dump shows mixed black and rosin jack, partly 
altered to silicate, in cracks in quartzite, and also considerable silicate derived 
from the oxidation of disseminated jack in chert that has replaced limestone. 
A small amount of zinc ca rbonate accompanies the silicate in bot11 of these 
occurrences. 

The production of the Coker Hollow mine has been about 800 tons of mixed 
jack and silicate cone ntrates, beginning as early as 1911. 

T(llrkiln.-This property is in the SEl,4 sec. 10, T. 19 ., R. 18 W., on the 
east slope of Tarkiln reek. The de,·elopments consist of several hort tunnels 
driven in the Everton limestone 20 1'eet or less below the St. Joe lime tone; a 
shaft beginning 40 feet below the St. Joe and apparently penetrating to the 
Powell dolomite; and severa l shafts lying a quarter of a mile or so up a hollow 
that comes in from the northeast at the main workings. The e Ia t-named 
workings were not Yisited. 

The country rock at the bighe t horizon, just below the St. Joe, is ch iefly 
limeston and limy nnd tone, but where mineralized it ha been silicified to a 
blanket bed of ch rt with orne cherty sand tone, 6 feet or o in maximum 
th i<:kn s_. The origina l jack wa mixed black and rosin and wa di seminated 
in the ch •·t, but mo ·t of the ore taken from thi level has been zinc ilicate 
deriYecl from the jack. mall pecks of malachite a re common in the black 
pba e. of the sili ate. A sma ll amount of carbonate is a sociatecl with the 
silicate. 'on ·iclerable reel -brown clay deYelopecl in t11e cher t during the oxida­
t ion. In a few place the ori "'inal limestone grade into a rather coar ·e­
grain d dolomite, and wh re thi rock \Ya mineralized pink spar occur a a 
lining to the dr·use . 

A mill wa erected on the pr perty vera! yea rs before the World War, 
but a ll the ore recovered b ~· milling is r ported to ha,·e come f rom the shafts 
up the jde hollow and to have been jack instead of ilicate. 'Ihe chat pile 
how. that it oc urred in a fin e-"' rain ed dolomite, probably a a filling in 
hatter crack , to jud"' from the tl ual type of occurrence in this rock in other 

mine · and pros;pects in not·them Arkansa . 
T h p•·oduction of the 'l'arkiln mine ba been about 150 tons, most of it 

b ing f re silicate ore. Mo t of the production was made severn! years prior 
to the World War. 

DODD CITY DISTRICT 

Th Dodd City eli trict include the reO'ion around the headwaters 
of Littl e UO'itl' Or hard r ek and the south headwater of Ea t 

ugn.rloaf r ek. It lie beb-.;een the Boone- 1arion County line 
and a north - outh lin throuCYh Dodd ity. The district a thu 
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defined i not a very compa t unit, but he ore deposit contained 
within it are fairly imilar. Two depo it , the Ben H arrison and 
Pigeon Roo t, occu r in the St. Joe limestone. The Black Bear, a low­
grade depo ·it , occur · at ·ome horizon in the Cotter formation. The 
rest of the deposits are in the E verton formation, in va riou types 
of country rock. The ores compri e jack, zinc carbonate, zinc sili­
cate, and lead sulphide. The Sugarloaf fau lt, with a displacement of 
100 feet, eros ·es the eli trict from north,,·e t to sou thea t, and eY­
eral of the deposits lie fai rly close to it. The production of the 
distri ct is imperfectly known but has probabty not xceeu d 5,000 
ton of concentrates. P erhap, 200 ton of thi ha been ga lena. 

Go~;ernor Eagl .- Thi mine i · on tl.le r ight bank of n we t headwa ter fo rte 
of Little 'ugar Orchard Cre k , in th e 1\ \Y~ ec . 7, T. J9 · ., R. 17 W. The 
workings ·on. ·ist of three shaft ·, 85, 112, and 105 fee t deep. 'l'he horizon of 
the . haft c !Jars is in the E,·erton formation about 10 f et below the t. J oe 
li me tone. 'l'he ore is reported to ha Ye beeu taken f rom one of tbe earlier 
shafts, but the ore rnn pitched eastward so steeply tha t the th ird haCt was 
sunk iu an attempt to rea ch i t a t a lower level. The run is reported to be a bou t 
20 feet thick and to ca rry about 3 percent of ore. The ore occurs in fine- to 
coarse-grained dolomite, as a filling of cracks and irregula r replacement pock­
et., but also, in the coar e-grained uolomite, a a fillin« of brc ia. The ore 
minerals a re rosin jack and zinc silica te; some of the jack masse ar 6 in hcs 
or more acr oss. T he gangue minerals a re pink spar, quart:r., and ca lcite. 
Small amounts of chalcopyrite and ena rgite ( ee p. 110) are present. The min 
produced about 70 tons of jack concentra tes in 1915 and GO tons iu 1016. The 
mill on the proper ty is now in ruins. 

Suaque1uvnna.-Thls property i in the E !h sec. , T. 19 N., R. 17 W. The 
main opening is a haft, now caved, on the left bank of a small hollow that is 
tributary to Little Sugar Orchard Creek from the ea t. T he colla r of the 
shaft is in the E ,·er ton formation 35 feet below the St. J oe limestone. 'l'he 
depth of the shaft is repor ted to be about 70 feet, which would place its foot 
near or at the base of the Ever ton. The ore run, lying at the bottom of 
the shaft, is reported to be 13 feet thick and 20 to 50 feet wide and to run 
in a north-south direction. It was followed northward by a drift f rom the 
bottom of the shaft. 'l'he ore-bearing rock is fine- to medium-gra ined dolomite, 
in part sandy; there i · a lso some chert. The ore is mostly rosin jack a . ociated 
with pink spar, finely crystalline quartz, and some calci te, in cracks and replace­
ment pockets in the dolomite, bu t some of it form replacement pockets in the 
chert. A li ttle galena is also disseminated in quartzite, apparently from a 
diff rent level. Zinc ca rbonate is present bu t of minor importance; i t is fie h· 
colored and crystall ine. Minu te crystals of pyrite and chalcopyrite occur in 
the vein material. Some silicate ore is reported to have been taken from the 
more open grouncl in the run. 

A second shaft i s 15 fee t higher, on the opposite ide of the tributary hol low 
and 200 feet north of the main shaft. Very little ore shows on i ts dump, 
but there is some disseminated jack along bands in chert, much of which is 
dolomitic. The shaft is reported to reach the ore run that is opened up in 
the first shaft ancl to have a drift running southward from its foot. The two 
shaft were not connected, howeve r. 
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The production from the property was made prior to 190 . The total output 

i. not known, but 100 ton of jack concentra tes were produced in 1907. The 
mill ha been completely removed. 

akomis.-T his property is in the S JA!SW 1,4 sec. 32, T. 20 ., R. 17 W., 1 mile 
northwe::;t of Dodd City. It ha been developed at two localitie , a bout 1,000 
feet apart. 

The large;; t workin"' at the upper loca lity is a deep open cut, 0 f et long 
and 30 feet wid e, in the bed of a head,-vater prong of Ela t Sugarloaf Creek. 
The pit is elonaate<l N. eo• ,V., cro. _way of the hollO\Y. The cut is now 
filled wi th water and is rapidly filliug with sand and gmvel. The altitud of 
th e o utl~ t of the pre ent I ond i 990 feet. In addition to thi · cut, a 150-foot 
ha f t ha · been cover <.l up by tbe wa te dump. It produced a little ore from 

abou t tbe 110-foot level. 
The open cut is in a fine-grained gray magnesian lime tone in the Everton 

formation. The expo nrc are vcr~· poor in the vicin ity, l)ut the cut appea rs 
to follow ome ort of a structural brenk, probably th<:> Sngarloaf fault. On 
the lower (nor thea ·t) . i lc of the pit, ju~t a bo,·e the level of tlw pond, a breccia 
of limestone fragments in very limy sa nd tone is exposed. The relation of thi 
lireccia to the magne ·ian lime tone of the southwest side iF: not apparent. The 
wa t -rock dump how several type· of br t!CC ifl in addition to the dominant 
unbrecciated nHI"l1 , ian lime tone. Examples '"'ere notP.d of fiu e-grain d gray 
dolomite (magn sian lim tone) f ra"ment iu qu nr tzi te, lime tone in medium­
g-rain d gray sli ..,.htl y snnd,v dolomi te, ancl lime.;tr•ne in quartzite. About 20 
f et ups t ream from the upper ( ·outhwe. t) rim of U1e pit, a nh•dium-gra ined 
clolomite that fo rms the top layer alon_.: the rim 0f tlw pit ab uts flirP.ctly against 
a blue lime tone. The lime.··ton is si li~ified fo r -.! or 3' feet from th contact 
an<.l ·onta in .- di eminated jack for 2 or 3 iuch •;;; f rom the contact. 'J:his 
l•lainly record a mall fault, but the amount of the el i placement and the direc­
tion of m O\' m nt cannot be letermined f rom the meager outcrop. 'l'he move­
nwnt was pr balily mall, a there ha been no brecciation here. 

The ore of the upper akomi i s ch i fly mottl d ro in and black jack. It 
occurs in ha tter crack in t·he dol mite of the pit and also, at least in one 
place, dis eminatecl in the dolomite for a f w inche ad jacent to such a era k . 
A minor amount of the jack on the dump is eli eminated in quartzite and 
a; ociated with a cherty repl11cement product of the quartzite, but this may 
have come from a deeper level in th 150-f ot shaf t. The ore doe not occur 
in the more severely brecciated blocks. Some of the cracks in the dolomite 
contain gray chert with disseminat d jack. ommon gangues are calcite and 
line clrusy quartz. Pink spar in d n1 es with jack and fine quru·t:r. is rather 
rare; It was not cJ only in a blo ·k of med ium-grnin t1 dolomite on the wa te 
dump that may have come from a lower horizon than that in the pit. Pyrite 
and chalcopyrite in minute grains are acce ories of the ore, and in addition 
the pyrite may be embedcled In the matrix of some of the breccias. Oxidation 
ha not been extensive, but a little zinc carbonate occurs. 

On the we t side o.f the hollow, In line with the elono-ation of the pit and 
for several hundred feet upstream f rom the working , the surface lime tone and 
and tone have been si li cified with the development of a little jack, now largely 

leached out, but none of thi. is rich enough to be commet·cially vnluable. 
The mill that form erly tood at t.hi ·· upper Nakomi site ,..,-a burned down. 

The mine ha · not been worked since 1907. 
'l'he 1owe1· Nakomls working is a shaft on the w t s ide of the branch, about 

1,000 feet below the upper working. This i known as the no. 4 haft. It 
OOH71-:lu--1 i 
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wa put down to a depth of ubout 175 f t on n drill hole. 'ome <hlCting wa s. 
done at the 45-foo t leYel on a run of ore rPported to be 10 J'eet thick and -:10 f'e t 
wide and to trend in a north-northeas t' tlir c ti n. From ·alcu laticm, the .·haft 
reache the ba e of the Ev r ton fo rmation at 55 feet and ut tbe bottom i · 
within 30 fe t of the ba. ·e of the P owell. It i r •port •cl that the drill hole· 

howed mix cl jack and •va lena or between th 300- and 330-foot level . Thi ·. 
would be around 100 feet below the top of the ott r. 

The ore-bearin"' rock on the clump, pr . umubly taken f rom the lc,·cl of th 
drift, is fin e- to lll ·dium-grainecl gray dolomite. Tb jack o ·cu.r: in cnt<: k.· that 
are lined with fine clru ·y quartz .. om or the ra ck b ilw vidently nlarged 
by solution. hnlcopyrite, pint' ·par, nnd ca lcite ar minor constituent · . 

Thi ha ft " ·as equipped with a mill , which i now in ruin ·. It production. 
ha · been practically nil. 

.llarklr.-'.l.' hi · mine is in tlw bed of the ntitlclle fo rk of :'ll;uk lc• Holl ow, in t h 
' W l;.l ,'£1,4 .·ec . H1, 'l'. :W ~- . H. 17 \\' ., at an ;t ltitude of' !)5:J ft>t•t . lt wn 

or i ~inally a s llaf't ·uuk in the cret>k I)C\1 ro a d pth of 7:) f e t ))ut \\' H.· latet· 
enlargerl to an OLH' U cut in th e upper llH rt , til<' fi nn! pil hei n ~ 100 fept long-. 
6 feet wid , and perh:tp · 20 or ; 0 f\ et det•p. During- the peri ed of it. 011 rrttiom 
the str am fl owin" in th hoi)(J\\' at time: of llea,·y rai ns had to ht• tlulll ll 
aero.· the worldng-s. Sine tile mine ,,.,, · abandoned the e rePk Ita;; completeJ)r 
filletl the :haft, an! i · rapidl y filling the ope n cut to th lf'Ye l. of th e OLttl e t, witi.L 
~and illHI gr:t \'f' l. Tlle geo logic horizon of the cx po.-ed workin g is til upp ~­

part of the E \·erton .formation. the pr .~c ut outlet of the open 1 it bein" 25 fc •t 
beiO\\' the t .. Joe limeston e. At th is le,·eJ the l.J cLI · are ·hert ( ili cifi d lim -
:tone) and some quartzite pa r t of whi ch ha s 1 eeu replaced b.Y chert . Tile 
·haracte r of the ro ·k h om lowe r le ,·cl in the ·haft is not J'C\'Calecl, hut it i 
apparent that th wh ole und rlying th ickn :.:.: of the J<;v rton wa p n t rat cL 
It i: repo rted that ore o ·cu n •d i u th e s haft to the but tom but wa · ·on · n­
trated at clif'l'erent le,·els. ,,·ith bar ren rock betwcp n. 

Til e min e follow a minor anticlinal flexur tl nt run~ about north :1 11 l ·outh. 
The bed dip a\\'ay from the pit at a lo\\' angle around tile north nd of the 
fo ld. There ha h en ·ome brecciatio n alon' the fle .· ure and :omc ill-d fined 
longi tudinal fraeturing parallel to iL axi>:;. 

'l'he comm rcia iJ.'· important mine ral : are jack and zinc carhonnte. The­
original jack \\'li S in r ar t di: ·cminatecl in the chert nucl qua rtzLte, from whi ch· 
it ha lar"el.Y been leached, lea\'ing only th . casts, but the· oecu rrell'.Ce thnt ,,.as 
of great r commercia l nllue \\'II>' , ac · rcling to report:. in the form of len:e · and 
irr gul::tr ma. ,.:es along the bedding plane. (an l in brec ·ias?). The- carl!>onate­
wa · rathe r intimately mix ed with tile ja k iu the :a me mod s of oc urrence .. 
A litt.l e of it i: reported to have been turk e.'· fat. Some ·bowi n ' on th dump­
i · iu the form of 7{;- inch fl 11-colorcd rods with hlunt cnc l ·. • omc gal ua 
occur: nt til north s ide of t he pit at th e hi gher 1 vel r tli. . eminatecl in chert. 
A li t tl zin · :ilicate and cry:talli ne lend cu1·bonate ancl ~taiu .· of pyromorphite 
appear on the wa . te lump. 'rhe on ly <:O ntmon gan,l!u mineral is fi.ne clrusy 
q uartz, whi t h lin · the bedcling ·eam · and crack· in th e~ el1 r t. A littl e fine 
pyl'ite is di:.: minatecl in th e che r t. ,H \1 <:hi.\' is a ·ommon de,·eiopm ·nt along 
tile 1J ddin" plnne · of t he ·hcrt where the ore: h:t\'C heen oxid ized'. 

:'lluch of t he :'lltii'kh .. ore wa s free o re, hnt t his ~rnPrall.'· had to he hnnll' 
pic·ked to sepa ra t the j ack f1· m tile carbonat . Even th n the carbonate, a _ 
marketed, contained a ra ther llll';!e perc ntage of jack. A small c nceu­
trnting mil l wa s rected durin g the war rwri od of proclu.ction. The t·otab pro­
du ction of tlli .· mine has he"n :;till)n t(' d hy W. A. Me 'urry, of Zinc, at a l)out 
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1,400 to ns of concentra tes. About 640 ton . were produc cJ unler the man a e· 
ment of i\Iurkle & )l ·Uurry in l01A, 1915, and J91;. 

Pig on Roo 1.-'l'bi · work ing is on th north bank of Pigeon n oo t Hollow. 
J 0 feet aboYe th c-reek bed, about a quarter of a mile up from Ea st Sugarloaf 

reek, in the N 1/1SE 1/.I -·pc. 3~·. 'l'. 20 N. , R. 17 w ., a t an a ltitucl of Q!)3 feet. 
'I'he openin "' i' an open cut <~bout ::iO r et wide a long the creek and 20 feet hi gh 
at the bu ·k ide. Tlle ore·b uring rock i a ch rt re ultinrr fr m the complet 
~:ilic ifi ation of th e t. J oe l im e. tone. The horizon is only 10 feet or so above 
the ba ·e of t hat fo r111 ation. Although the .'t. J oe ledg rop · ut on both side 
of the mine, t her are no natural expo ure within the 200·foot tr tch that 
con tain th min e. Mo ·t of the chert bas weather l until it is fnirly soft and 
light tlrah. 

In the bee! of the ·reek oppo ·ite the mine, 10 feet lo\\'e r. i an out Top of Ule 
a me type of ch rt that a rri e the ore. Thi ma i • e ry plain !~· at t be horizon 

of the t. .Joe-E•erton contact, fo r it lower p;lrt ho" · th thinner beddin"' of 
the lime tone of the EYerton formation and arrie ome quartzi te. Only 5 to 
10 feet of bed · are repr . ented. The St. J oe part of thi mnss conta in a few 
galena ca. t ". The ou tcrot i: only 50 feet lon"' (tran . ,·e rse to the dire tion of 
the creek) ancl perhaps 20 feet wide; it deflect- the main stream channel at 
right angles around its upstream side. The t ructure ha. been ob cured by 
the ilicification , but the beds appear to be nea rly horizonta l, with local rather 
,;t ep clips in to the ma,.;s from tbe upp r side. There a re al so Yi dentl~· .:ome 
c rumpliu~ and obscure br cchttion in pl nces. 

A ·imilar chert Inn s;;. de rh· d enti rely f rom tb El'e r to n. i. expo~ cd on the 
ppo ite ·ide of tlle YHI!ey fl oor f rom the min . up. trenm from the fir t n1ass. 

It;; betiding i;: rou;::hl.Y horizonta l. There a re no outc rop wi thin JOO feet of 
thi ::; 111 as ·, and the . 't .. Toe led;::e fail~ to ·rop out a hoYt' it. 'pst r am. bt>~· ond 

100 feet, the lime~ton e a t the top of' the E,·e rton c.Jip~ genrly int o it. 
EYiclentl.r the>:e t1J1·c cllert out ·rop>; (that in t he mine and th two ma .·e 

ju t clc c rib cJ ) mark a zon of s i I icification thn t ro.· ~ the hollow here. 
They nrc not in line, which iuclicate::; th nt the zone 111ay bnYe ·onsicl €' rable width, 
perhap· JOO f t. Th re do .· not app a r to han.• be€'n nn.r fault ing-, as tile 't. 
J o I cl "' both up. trcan1 and down strea m is unclistnrhed. Til re 111a~· ha Ye [pen 
>:ome sln mpug- durin;:: s ili ·ifka t ion, how ,·er , as ;:ngge. ted h,,. tlu> rumpled on-, 
diti on of one of the ehNt ma:. <'~. It could not luw e heen g:r at, beca use the 
EYerton app an: · ill hoth of t be cr,eek ma ;;e;;. 'Ih utcrop · in th i zon nre 
to f w to te ll an,,·thing YC r~· !efinite. 

The re i· mixed gal na anti lead cn rbonnt . contoi nin "' stains of mTomor­
phite. 'l'h galena O<'C'ur: di l'scm inate<l a cr.r.·tal s ::t~ rnueh ns 2 in c· he · across 
in th e ell rt. The cor!Jonnte may be an E'H rthy black or ~rnJ· n1a ·~ . or it may 
b wbit nnd cry ·ta l lin It g n(> rally o curie. tbe ·a . t of the .[ral€'na cry;:;tal 
f rom whi h it ha , be n c1 ril·ecl, and mu ·h o f' the enrthy carbonnte ho on un­
nlfrrecl {'0 1'(' of )::nl enn. L nd <·a r bonate aLo oc urs to a minor ext nt a a 
fl csb·eolnred I' placement prPdu 't of mall dolomite cr.'· tn l · (a ,· ra"e one. 
sixt •enth inch) that o ·cur eli :.: minated in the cher t mor thi kl~· along certa in 
bancls tllan vther;;, without ~bowing any very clo e relntion to t·he "a lena. The 
greate r part vf. the clolomit hns weather c1 out, len\'ing only tbe ca ts. 

P'il ot T?ock.- This property i in the , 1,h W1,4. se ·. '2, T . 20 r., R 17 W. , on 
Ea . t u"arloaf reck nt the mouth of Pigeon Roo ·t holl ow. The ma in haft 
co llar i. at an alti tude of 970 feet , 40 fe tor . o nb Ye the bccl of tile hollow. 
Tht> shaft i.· about i G fel't deep. The main o1·e run i>: reportc l to be a blanket 
y in 7 or 8 fe t thi ·k and to lie 35 to 40 feet IJelow the. ha ft: ollar, which would 
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put it in the E1· rton fo rma tion 45 to 50 f t below the top. The ore nt tb i 
level was ori ,.inally worl,ed from a tunnel in tbe ide of the hill. 'rhe ·hnft 
was later s unk through the tunnel in au attempt to rea h nn ore le1·e1, revea led 
in a drill hole, about 100 feet below the . haft collar, but the prl' ject 1vn aban­
doned before the ore was ren heel, on account of exce !1·e g rouncl water. 

To judge from the waste ro ·k on the dump, the zin · ore o curs in chert that 
has replac cl lime tone, and to a minor extent in s ilicifieu anclstone. Jack ·n t · 
appea r in a good part of th chert tbat hows on the clump, and. orne jack . till 
persist in po ·l<et along the bedding pla nes. A some ,·bat higher 1 rc ntag 
of this jack tllan usual is dark-colored. M t of the c mm rc;nt ore was a 
gray crystalline zinc carbonate o ·curring along the bedding plane of f·he h rt. 
A little zinc . ilicate i ns ociated with the arbonnte. Some galena wa pro­
ducecl at this mine, but it is r ported to have ·ome f rom a higher level than 1'11e 
zinc. 'l' lle galena on the dump i ommonly attach d to th fr e ])e<.llling planes 
of sand tone, into which it ma~· be li "'htly embe<lderl. l\Io ·t or the gnl na Is 
reportecl to have lnin below au clstone. Ga lena i also di · ·eminntecl in h rt. 
The occutTen e of a little copper in the primary mineralization i.' indicated by 
the presence of small green- ·tnined p endomorph of limonite after chalco­
pyrite, coated on chert, and by the pre ence of gr n tain · in nrass of bla k 
carbonate. 

The greater rroduction of the Pilot Hock mine w<1 ha ntl-pi ·ked free or!', 
some of which i. reported to have been . hipped a early fl. J 6. In l!:lO 9 
hand jigs were in 'ta iled nncl about 6 ca rload. of concentrnte.· were .· hipped, 
a la rge part of wh ;ch wa milled from the wa te ro ·k of former op ration . 
The total production of the mine is estimated at about 00 tons of cou <:entrat s 
according to A. M. Goatley, of Ru sh. 

Copperhealt.- Thi opening i on t he left ide of the hen ri of Ea.·t . li"'Hrl oae 
reek a hort distance below the Pilot Rock. The working. ons ist of un old 

drift, now caved, at an altitude of 955 fe t, 10 ot· 20' f l:' t nho,·c the lJ 'LI of the 
hollow, and a caYed shaft above, unk in 1910, I;ghtly ofl' the line of the drift. 
The drift i in the Everton formation 35 f t below the St. Joe lim stone. 
The ore-bea ring ro k i s ilicified lime. tone that carries eli. .·eminated jack and 
galena. Although ga lena was not found on the clump, it i.· reported to ha1· b en 
the chief output of th i mine. 

Narth Pole.- This mine i in the SWI4 sec. 29. T. 20 K , n. 17 \\ . The op n­
lng is on a gently loping point, rather high on the en ·t s ide of East Sugarloaf 

reek, at au alti tude of 1,000 feet. The workings con. :st of an open ·ut per­
hap '"0 feet aero . , at the St. J oe-Everto11 contact, and a shaft 20 feet higher, 
a ·hort eli tnnce on the . outh a . t. Owing to the pre ence of a . mall fault 
through the outh side of the open cut, with a throw of about_20 feet, down on 
the north, the shaft i del-eloped entirely in the Everton formation , beg:nning 
about 5 feet below the St .. Joe. The rock on the dump of the ·haft shows che rt 
d rived from the replacement of limestone and carrying di .·eminated dark­
colored ja ·k in cry ·tals 1 or 2 inches · in maximum size. Some of the jack 
has been al tered to gray a nd black carbonate, and some to gray and black 
silicate. The hlack carbonate is accompanied by a little malachite stain. 

Althou" h there i. no mineral bowing at present in the lower pit, it is reported 
by Drew Markle, of Dodd City, to have produced about 50 ton of cat·bonate 
and 600 pounrls of copp r ca rbonate, most of the la tter being in one chunk. 
The St. J oe lime tone next to the fault has been crumpled Into large pillowlike 
block. · 3 to 4 feet across, tilted :omewhat at va rious aug! . but still showing 
some relation to horizontality. Along the fau lt contact the St. Joe and Everton 
formations are so interkneaded that a definite faui't plane does not exist. The 
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't. J oe ha been bleached to a pale gray color throughout most of the pit. In 
spit of the e changes, the fossil in both the St. Joe and the underlying Everton 
hav been pre erved. At the north edge of the pit, where crumpling is not o 
pronounced, b()th formations have been silicified, but the exposed beds how 
uo mineralization. 

Edna B ee.- Thi s mine i in the SE'-4 WIA, ~ec . 29, T. 20 ., R. 17 w., at an 
altitude of 9 0 feet, well up on the left- ide hill of Ea t Sugarloaf Creek, oppo­
site the mouth of Chapman Hollow. The horizon is in the Ev rton formation 
about 35 feet b low the St. Joe lime tone. The or -bearing bed is a lime tone 
about 10 feet or more thick, overlain to the top of the E1·erton by alternating 
sandstone and lime. tone. The development consist of an open cut, 100 feet 
long, 30 feet wide, and about 30 feet high at the back, f rom the end of which a 
tunnel has been clril7en 150 feet into the hill, curvin" haqly to the ri «llt about 
two-third of the way back. There i · a l ·o a haft in the portal of the tunnel. 
Tile wall of the tunnel are limestone wi th a li ttle chert ·hawing in a few pia es, 
e p cially toward the portal and nea r the tap of the br ast. This chert was 
formed by replacement of tllc lim tone during mineralization a nti i the ore­
bea ring r ock. More of it i pre nt in the open cut than in the tunnel. The 
ilici fication appear to haYe been limited to a rather narrow zone, a· the 

tnnnel is only about 15 feet wide, and mo t of the chert ha been removed. 
Ko definite fractur can be determined, although th e rock on the right sit.le 
of the porta l shows some crumpling. A short distance back in the drift the 
limestone bel are unbroken in the wall and aero s the roof except by the 
num L'OUS irregular clay seams and pocket· produced under present-day weath­
ering condition . Some of these pockets conta in fragments of Booue bert 
that have come down 70 or SO feet from above. It i u noticeable feature that 
the cb rt beds tend to decompose before the lim tone, p1·obably ow ing tn their 
g t·ea ter permeability. Con it.lerablc ta ll ow clay i clevelopet.l in the eli ' r t po ·kets, 
s me of the pur st being bande I a leuse in the d compo. eel chert. 

Th Me market d i reporte I to hav on i ted of jack, zinc ca rbona te, zinc 
il icate. and u lit t le galena. The mine b en almo t compl etely worked 

out, but ·om of the ore npp ar on the variou dump an tl in th, p rta r 
walls. T he jack iB ratbe1· clarlc in color and occur.· in pocket in tb llert, 
3 to 4 inche in maximum diameter , and al o d is eminated in the chert in 
cry tnJ ~ , many of whi ·11 measure 1 to 2 inche., an uncommonly large si ze for 
thi ~ type of o ·urrenc . Much of the chert, howeYer, i · barr •n . l\Juch oC the 
ilicate i bin ·k , having evid ntly been derived from jack in place ; the free 

surfnc of uch ma ses are commonly gray a nd cr~7 talline. The E dna Bee 
is r eported by w. A. 1\:1 urry to ha Ye pr duced about 120 tons of f r e Ne 

during the World War. 
B en Harriso11.- Tbi proper ty i. in the SW I;,l, ec. - 5, T. 20 N., R 18 W., on 

the we t. icl but nea r th nd of a long spur xtending northward between two 
headwater brunch ~ of En t ugarloaf reel;. The openings arc in the t. J oe 
lim ;'tOn nea r the top of tbe hill. '£h natur of the ore run or run could not 
be d tc rmin ecl owing to tl1e lack of expo ures of the ore r ock in place. Al­
th ugh urfnce expo ure ar not good enough to pro,·e defini tely that no fn nll­
inl! has occurred in the vicinity, no e1·id nee was founcl of any di placement. 

An ore run ~·n inter ·ected in a sma ll -bore drif t that enters the hill at au 
ulti lude of 1.075 t'cct, JO f ct ab ve tl c ba c of th ' t. Joe, bu t thi drift ha 
ca ,·cu in front of the ore, o t hat the ore i' no longer accessible. Accordillg 
to •.r. J . Lawhon, of Monarch, the ore wll intersected a short di tance back 
of the en 1·e. It c urred a long an irr gular "channel" that showed no evi­
dence of ba,·ing de veloped along a d finite f racture. 'l'be "channel " vnriP<l 
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abruptly in size. One big pocket was . 6 by 6 f et in cro ·s . e t lon and on­
ta incd cubes f ga leun, 6 inch .. OI' so aero·.· . embed tied in f1 int. Wh en th 
ore was taken out of the pocket. a ll the flin t underlyin" it wa · r moved . 
Back of t hi · po ·ket th •· channel ", con.· i ting of flint nnd ore, narrowed down 
and wa · fo llow cl back t a cla y-fil led ·revice nt the rear of tile t unnel, where 
a hnft wa put 11own for about 30 t(''t into t h underly ing E 1·erton f rmation. 
'.rhi · ·reYi CI-' a lso ·a rri ed le<l d mbedlled in the lay, t hough not in such large 
rna>: e ·· a:; in til ·· c!Hin nel ., followed by t h dl'ift. Th is cr Yic wa. · foil we t! 
by 11 drift for al>ou t 30 f t et. Auotlwr pr n"' of th main tu nnel, bearing more 
ea . t wa rd. hea 1 d to "·artl t l.c foo t of nn oil-t ime !< haft t hat wa. worl• ed a bout 
1900. 

Oth r working, oc ·ur n the hil l abO\'(' the tunnel. An ol!1-timc . haft, lying 
light ly nor th of e>1s t from the tnnnel porta l nncl 4:') f t bigl1 r on the hill , 

and a sha llow opeu cut ahnYc' t he tunnel, p re -umably oYer the minera li:~.ed 

t retch in the tunnel. both show orP on the d ump. but n mor rec nt haft on 
the hill 60 f('{'t aho1·p rlw tu nn el 111111 mor~' in line \\'ith it. is hnnen. It bcgLn. 
in t h Boone abo1·e the st. .Joe lime. tone mcn1ber. 

:\Iater ia l lying on the <l ump of th t unn el ,.:hows the l!e nera1 nature of the 
min ralization. .'ilil'ifleatioll of t il' lime ·tone lws accompa Bied ore tlepo, ition . 
The primar.1· ore mineral s are "'a leB a (dom inant) an l jack, di · minuted in 
th e r s nl ti ng chert. '£he e r~· ,.:t·a J s of galena that remain on the t1ump a Yerage 
ha lf an in h to an inch in ize; those of jnck aYernge . omewbat . mai ler, though 
a few rea ·h 1 iB ('h. The jac·k is m o,.:tJ~· rnther darl• ill color. Some of t he 
la r"er jack cry.· tal~ C<I rr_,. clwlt:opy ri t embedded wi thin them. Urusy quartz 
i common a lon;: the b dd ing p lane~ of the chert. a nd coa r. ·cly c ry~ta lli ne ca l­
cite. reported to ha ,·e c m~ fr om the c l :1 ~·-fl ll ed crc,·icc nt t he back of th tun nel, 
i. n l ·o ·ommon on the dump of til tunnel. A li ttle finely cry. talline pyrite 
IIppeA I'. in " f l' \\' p i:H'I'S in qua r tz-lin('(.] dn1s s. Much of the jack l.la been 
al tered to si li cate and le .. com mon ly to ca rbonate. A li tt l ma lachi te o · ·ur 
in t he .· ili cate. :tnd p,n·omorph ite i · pre. · nt in the ore-b:.>ar ing rock a a ta in . 

Some of the ore-bearing cb rt on th dump i plain!~· 11 ri,·ed from the E 1· r­
ton formation, and hlocks of .·nml!<!Olle c:nr.l·i n"' pock to-; of zinc .·iii ·ate a nd 
c rrst~11· of g:l l ~· na, t he latter emheddc< l in tlru. ·y qmntz. c:ame fr m t1w .·ame 
,'OUTCe. 

The mine prod uced on J ~· 20 ton or . o during the Worl d \\'a r but i. · r ported 
to hn,·e produced niu!·h more a round 1900. 

B ill Parlo.s.- 'l' his i an old drift, now caved, on the ea .. t ide of the first 
holl ow east of the Ben HaiT i. on. It li s 30 o r· 40 feet above t he bed of the 
hollnw. at an a ltitutl e of 1,030 feet. The ore-bea rin "' rock i_ a chert (silicified 
lime>:t ne) about 2 fee t t hi ·k, that l ie 20 feet above the ba ·e f tbe Everton. 
It is Y rl a in by feet oE fin e-grain ed o t· locally medium-grRined dolomite, 
capped by an d. to ne, a nd is underla in by lime tone; in places the limestone 
ha been conver ted to m lium-gra ined dolomit . Th ore i ch iefly ga lena, 
whi ch i · el i seminated in the cher t as cry tal.· 1 inch or more in maximum 
size. Most of it lies adja ·ent to bedding p lanes. A li ttle jack nccompanie 
the ga lena, a! o di · eminated in the chert. Some of the j ack has been altered 
to carbonate. Quartz, in rather coa r ·e cry ta ls (one-fou r th to thr c-fourtbs 
inch ), is a ra t ile r conspicuou · gangue. 

'l'hi. · pro ·pect ha. not t roc1ucec1 ore in commercial quantities. 
Broome Coumty.- Thi · open ing is in the NE1;4 NE1;4 . ec. 35, T . 20 N. , R. 1 W., 

on the west s ide of aud 120 fee t above a headwa ter tributa ry of Eas t Suga rl af 
CI'eek . The working con ist of an open cut, 200 feet along t he s ide of the 
hill, 100 feet wide at the maximum, and 20 feet de p at the baclc side. The ,... 
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il ltitude 1 1,120 feet. The ore occur in the crack of a s hattered and somewhat 
br ciated .fine-grained gray dolomite, 20 feet or ·o th ick, who e horizon is 
.20 to 40 feet a:bove tb ba e of the Everton formation. This i evidently the 
same bed that ca rrie the ore at the l ola . It i underlain by medium-grained 
gray dolomite. with a li ttle and tone, and overlain by poorly exposed lime tone 
and . a ndstOile. 

The cu t fo ll ows a poorly d fin ed and cliscontinuou zone of brecciation at least 
Ji) feet wide, that run . about N. : oo W. That the breccia wa formed prac­
tically in place by tru tural movement i.· indicated by the ab ence of f rag-­
lnent other tha n the dolomite of the . urrounding ro ·k nnd by the upwa rd 
:flexin o- of the becl .· accompanied b_,. ·ha ttering for a ho1· t di.·ta nc adjac nt to 
tb breccia near tl1e center of the pi t. The berls show no eli placement of 
an .'· consequ ence. Some ·::t11d ha.· filter d i;1to the breccia, pre umabl y fr om 
:fl.bo,·e. \\ 'h ere tbi · SR nd fo rm:· th mn trix of the bre cia the mineralization 
wa · rather s ·ant, al though here and there a lit t le ore occur · in v inl t in 
th . nnd al ong tile maro-ins of the bre ·ein. Uo.· t of. the ore i.· in breccia that 
.has not been filled wi th . a nd and in .·ba ttered rock adjacent to the breccia 
Jlroper. The zone of ba t tering xtends ·outhwarcl beyo nd th e working for 
J,Jerbap.· :..00 feet. A. fe w mall op n cut.· on it show a little ca ttered mineral­
ization, bu t evident ly the rock i.· not rich nough to work. 

'l'he north encl of the Br omc County wor king lie· :200 to 300 feet outb 
of the Sugarloaf fan lt. The fault probahl_,. doc not extcncl mu h farther we t, 
:1 Lhe cli~pla cement ha .· cle rea eel f rom outhcn ·t to northwe t ti ll it is al­
mo. t nil on th ea t s icle of the holl w below the Broome County mjll. 
A , ili ceous r •f ma rking the lin of th <> fau lt i-·, hO\\'eYer, well de,· loped 
.here in tb EveJ:ton formation and ako appear in the s trata of t he Powell 
-on the we. t ide of the hollow. 

'l'he ore \\'U S a1 pn rently :::potty in di.trihuti on. The ehief min eral i. ro. in 
jac-k, but a onsitleJ.·able p rc ntage of it ha · be n altered to g ray crntalline 
carhonntc. whi 11 grnerally C0>1t.· the jnc:k. nrl.!Om1 te i aid to hav p re­
dominat<>d in the o re that hn he n taken out. A little of the ca rbonate is 
.:.Yrll ow (turk y fat). A \'NY little finely ry. tnlline chal copyrite occurs on 
~ome of th jack cr.r.tals, uncl ga lena, though not ahuncla nt enough to have 
.a n~· comm cr ·ial importanc . i o cnsionally found in . cpa rate ern k.. The 

hi f ga ng\Ue i · fin<' drusy quartz tha t line n ea rJ~· nil the cracks. Locally, 
Jn.· tead of quartz. the ilica deposited in the crack· tn k the fo nn of ch rt, 
which mar carry eli!' eminnt d Jack. Gyp. um i ' an uncommon a ltera t ion 
prod uct. 

'l'h Broome ot~nty 111 ine wa · equipped wi th a large mill , . ituated in the 
hollow below, hut the proclu ·tion of th mine i · not known. A cord ing to 
mote ker t .b.v W. H. " ' ill tt, of Y 11\'ille. 70 ton.· of ja k concentrate· were 
produced in 19lii>; acco rding to J. II. Han L of Yell\·ille, 30 ton · of concen­
tratr. (probably mixed ca rbonate and jack ) were produced in 1917. 

Salina .- 'I!be • aliua min e i in the SE14 W% ·ec. 36, T. 20 N., R. 1 W., 
on the cast . ide of th same hollow that contain the Broome County mine 
but 1.000 feet or so up the hoilow f rom that mine. It altitud i about 1,100 
f t, and that of the bran h bctl 20 or 30 feet 1ow r. The main working a re 
in a fine-gi:a inecl gra y clolomite about 15 feet thi k, near the bottom of the 
:Ev r ton fo.rmation , viclently the ame a at the Broome County and lola. 

There -are two main open ing , the more procluct iYe one (no. 2) an open cut 
<60 fc t long, with a tunn el at it · back end going 120 feet in to the hill. Mo ·t 
.o f t he or was tal,en f rom the op n cut and f rom a cro's dr ift, 75 feet lon"', 
.at the end of tlbe tunnel. The latter ore body wa origina lly located iu a drill 
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hole that show at the outh end of the cro.· drift. ·one! openin"' (no. 
1 ) lies at about the same I vel, 200 fe t up the hollow. Thi · i an op n ut, 
00 or 70 feet across, with a tunnel in 30 feet or o fr om the back end. In 
addition to th ·e main openin"' , ome pro. pe t work in open pit (no. 3) 
at a slightly higher level (1,J30 fe t), 400 to 500 feet to th north (down-
tream), bow ore of about the same type a that worked In the main cuts. 

Tbe e pits are po ibly at a higher geolog ic horizon than nos. 1 and ~- It 
i reported that a drill hole pu t down in thi n igbborhood struck ore at 
about the 1 vel of tha t in no. 2. 

A drill hole sunk n ar the ·ite of the mi ll is repor ted to have penetrated 8 
or 9 feet of ore at a leYel 125 feet below the level of openings 1 and 2. This 
horizon would be near the tBlacl{ Ledge of the P ow 11 dolomite. 

The upper ore-bearing bed, of open in 1 and 2, i l ~···egularly crumpl ed, 
battered, .a nd brecciated. Ho,veYer, no definite fault can be made out, and 

probably none ex ists. The bed in open ing 1 show a monoclinal rise in the 
direct ion of no. 2, of about 10 feet in 40 feet, the width of the monocline. The 
underlying qua rtzitic and. tone is broken up a long this stretch and shows a 
broken contact with the dolomite. The r ock urrounding the entrance to the 
tunnel in opening 2 i decidedly brec iated. T he matrix of the dolomite block 
may be clayey and or a bini 11-white clayey ubstauce of unc rtain origin, 
possibly fel<l pathic and cherty in compo ·ition. This spot is reported to have 
carried considerable ore, but li ttle of it rem ain . The rock expo d adjacent 
to thi in the f ront part of the tunnel i broken and invaded by and, but the 
enclosed blocks of dolomite pre. erv approx imately their origina l orientation 
and are practically in place. Thi stretch is not mineralized. In the back 
of the tunnel the beds show dip of vera ! degrees in variou direction , and 
the dolomite is shattered but without being brecciated or invaded by sand. 
This pha e anies or . The •·ocks of the north pro pect o uings (no. 3) 
how some warping and are sha ttered and brecciated. In the alina, as in 

numerous othe r mines of the northern Arkansa eli trict, the mo t severely 
brecciated rock that bas been invaded by ·and. tone i not mineralized, wherea.· 
less brecciated rock adjacent conta ins depo it of or . 

The primary ore mi neral is j acl>, which occur both in the brecciated and 
battered dolomite lind, in openin"' 1, in the brecciated . and tone immediat ly 

underlying the dolomi te. Some of the jack mas e in this and tone or along 
the s~ndstone dolomite boundary are a foot aero· . The jack i aecompani d 
by a little chalcopyrite and galena. P art of the jack, especially in the open 
cut of open ing 2, has been oxidized to cat·bonate, ome of whi ch i yell o\~ 

(turkey fat) . The "'angue products are calcite, fine drugy quartz, less com­
monly chert, and rarely pink par. The chert o cur · as vein lets or bordering 
ore-bearing cracks in both the dolomite an d the sandstone under the dolomite. 
Much of it ca rries disseminated jack, and in one of the north prospect pit 
it contains very finely disseminated pyrite. 

The occurren e of abundant feld par ( orthocln e and microC"line) as a 
microscopic constituent of certain rock at the Salina mine ( ·ee p. 113 ) presents 
a number of puzzlin" featur s. The dolomite in open ing 1 conta ins a 4-foot 
bed of opaque white fe ld pathic rock, expo· d in the tunnel, which is driven 
along an insignificant anticlinal flexure. Below tbi · feld patbic bed the dolo­
mite ha · been slightly crumpled and invaded by tbr. same feldspathic ma terial, 
the relation apparently being one of replacement, a lthough the crushed and 
recrystallized dolomite may include certain bleb. of the feldspa r rock that 
resemble fragm nts of au earlier rock. Neither the 4-foot bed nor the under­
lying breccia shows any ev idence of minera lizat ion. On the northwest side J_f 
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open pit 1 a white opaque cher t i de,·eloped in a li"'htly mineralized breccia 
of dolomite and quartzite, where it occurs both as "fragments" (real or ap· 
pa rent; ee below) and as a replacement product that contains di eminated 
jack. Although th i. cher t was not examined micro copica!ly, it closely re­
semble the fe ldspathic rock and shows the ·ame type of c urrence, so that it 
is believed to be the same. till another occurrence of . imilar material is 
exposed in tile tunnel of opening 2, where au opaque whi t ish to gray chert ha 
irre •ul:uly r placed n ! -foot bed of dolomite that is omewhat coa t·ser-grained 
than th re t of the dolomite of the mine. This ch rt carrie. a li ttle mincrul 
along cracks. 

If a ll of the opaque white chert that occur at the Salina mine is feld pathic 
in composition, as orne of it certainly is, thi fe ld par rock shows conflicting 
relations. ome of it accompanies the ore and has definitely replac-ed the 
ea rlie r ro ·k. Some of it, on the other baud, looks a if it may have been 
form eLI at an earlier date a nd been brecciat d, while in a rather pia tic 
state, at ome tin1 e preceding the mineralization. If, however, it is admitted 
t!Jnt the feld. par and as. ociated j a peroicl quartz could have replaced the 
earli e t· rock (dolomite or brecciated sand tone) to form , in a few places, rather 
sharply defined ·e''Tegated masses t hat sinlulate fra"'ments, then the whole 
occurrence becomes expl ainable as a r e ult of replacement of the country rock 
during the mineralization. The writer is at p resent inclined toward tl)is view, 
but more complete investigation at the Sa lina mine is de ira ble. 

T he Salina ha produced several carloads of ore, two of which were milled 
at the 1arkle mill. Its greatest production came in 1915, 1916, and 1917. 

Jolct.- This mine is on one of the headwater of En t Suga rl oaf Creek, In the 
SE¥1 sec. 35, T . 20 ., R. 1 W. The main working i a tunnel into the hill on 
the south ide of the hollow, about 10 feet above the bed of the branch, at a n 
altitude of 1,110 f ct. The Jenath of th i t unnel is about 550 feet. Its width 
Is ,·aria ble, owing to the irregular de,·elopment of rooms on the east side ; 
pet·hap 30 or 40 feet would be an average width of the ore body, but in places 
th e g r und that ba been worked is 100 feet in width. In ncldition to the main 
tunn I, a couple of pro pect shaft ha ,·e been sunk on th e north ide of the 
branch a shor t distanc above the main tunnel and con iderabl e open-cu t work 
ha b en done at an altitude of 1,120 feet on the nor th ide about 200 feet below 
the main t unnel. 

Th geol glc relation · at the l ola ( fig. 1 ) are complicated by t he lack of 
exposut·e at cri t ical plac . The ore-bearing rock I a fractured fin e-gra ined 
gray clolomit , a bout 15 feet th ick, that lie. nea r the ba e of the Everton fo rma­
t iou. At the mouth of the mnin tun nel tbi bed dip 30°--40° E. . but 
exposure w ithin t he mine bow that on ly a few feet to the ea t of the por ta l 
t he dip chang to a more nearly horizonta l attitude. On the we t ide of t he 
tu nnel ome eli tance back from the portal a !litera l incli ne ha been run up the 
clip {here 15°- 20° NE.) fo r 40 or 50 fee t anti i on nected t hrough to the urfa e 
by a ra i . The bed along the r oof of this incline are nowhere faulted, but 
along the fl oor cons iderable f ractu ring a nd some breccia ti on have taken place, 
a long with ome inva ion by and, but without mineral ization. In the main 
tunn el immediately back of thi . incline, where e en tiall y the sa me structura l 
cond ition prevail, the b1· ccia b low the u nbroken roof i hea YII~' minerali~d 

fot· 50 f ct or so a long the wall. H ere the breccia i underlain by a sand tone 
and limestone mas which bas been th rust into the overlying bed , acting as a 
rigid block in the brecciation without itself being bre ciated. The boundary 
between t11is m!L s and the dolomite breccia brenks irregularly acros t he bedding 
of the mas.. (See fig. 19.) Although a littl e saud occu rs interstitially in the 
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dolomite br cia, nnllstonc doc not appea r a · hre cia f ragments, and 1lhe' 
limestone is not repre.- nted at all in the br ccia unll•.·s possibly by a f w 
kao li nized f ragment of loubtful ori gin. 'l'h un brecl'ia t-ctl characie r of the· 
underlying ma · and the a b. nee of lime ·tone in t b ' bre ·cia ~ugge. t at tjr -- t 
that th breccia might be du to the ·ollaps • of a ·oiution cu ,·ern, but the· 
unbroken condition of the roof, on ideri ug the fa t tha t it would ha've ha c! to 
sett le at lea t 5 or 6 feet ac ·o rll ing to thi · interpr tation, and the rap id gradn. 
tion in inten ity of brecciation f rom th contact ou twa rd (s e fig. 19) both· 
point to an origin by tru ·turn! mo,· ment. On the floor . Iopin"' downward: 
f rom the face s hown in flo-ure 19 to the main gangway a bretcia of dolomi te and 
limestone fragments iu ,"and tone and limy nndston i · e~p eel, a.lth ugh the-

ELJ 
f ault 

U, upthrown side 
0 , downthrown side" 

100 0 100 400Feet 

Fwon~> 18.-Rough sketch bowing relat ions at I ota mine. 

limeston·e fragm ent· a re not ver.Y angular, evident!,,· O"' ill"' to later solution_ 
Thi is plainly il part of th fault br ccia in which the lime ·tone bas entered 
as f ragmen ·. 'l'he dire tion of movement is almo. ·t if not quit pa ra ll el to the 
bedding . 

.A.t the very back of the mine appea r another instance of the thrusting of 
bedded sandstone and limestone below into dolomite above, \\'ith bre ·ciation. 
of the dolomite, and to ·ome xtent of the other beds. :MiJiera.l ization here bas· 
been very meager . 

Accoi·d ing to the wri ter 's interpretation, the brecciation wa. caused uy 
horizontal moYement between the beds cluriu« the fo rmation of a rather­
sha rp bu t small and po. s ibly fa ul ted anticline, who ·e axi · lies just sou thw s t 
of the rai e f rom the Iater.a l underg round incline to the- . urface. The· only 
outcro1 a long the line of t hi. · supposed ax i is in a small open cut a .·hort 
distance to the we ·t of the porta l of the main tunnel; i t ·hows the ore-bea ring 
bed decided ly br cciated. The ·outhw,est limb of the an ticline i · well expose<l. 
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along nod south of the old road le.n din):: cl own to the mill (fig. J. ), but only 
at the top of the E1·er ton . e ti n nncl hence c n iderab ly abo1·e tb level of 
the win do the outcrop appron ·h the nxi of the anticline. The exposed 
b d;; on thi limb are alternating li me tone and and tone that Y rlie the 
or bed . At first they show a COli irl rable rlip to the . outb and southwe t, 
but within a short distance f rom the axis th y flatten out. Th or -bearing 
b d is first expo ·eel on thi limb at th upp r ( ·outh ) . ide of the cha t pil e, 
around the poin t of tb hill from the porta l of the mi ne and nt a omewhat 
low r al t itude. H ere it ha not been miuerali7.ed . 

It i probable t hat the re has been .· me eli placement a long the axis of 
thi s an t icline, wi th down Unow on the ou th1Ye t. If so itlter the eli place­
ment ha · died out b ~· t he time the ba. e of the St. J oe abo v i reach cl, or 
el e we ha 1·e here on or the fp1•: cxnmpl of pr :\li is ·ippian fa ulting in 
the northern At·kansa lend aml :r. in c fie ld. Althou •h th t. J o lime ·tone is 
not expo eel immediately OYer th locat ion or the uppo 
on both ide., appa rently uncl i turh("l and in approximately the right attitude 
to ca rry it, unb roken, aero s the fa ul t. 

On the nose of the hill betw en the hollow in which the mine is located anrl 
a nother hollow that come · in f rom the sou th, only a hort tli tnnc we t of 
and at about the , arne altitucle a the min e, i. · a con picuou ·a nd tone hill, 
about 100 fee t in diameter. The sandstone s hows a crude bed ling, whi ch clips 
1:- •-2o• N. down the hill. The tratigraphic thickne s of the ·and . tone is 
about 30 feet. Its . trati<>raphic position, if there is no fau lt sou th or it, i 
at the base of the upper and tone an d lim tone eries of th Ev r ton that 
is x-po eel on the outh limb of the anti ·lin , but no ·and tone of th i · th i ·kne 
is expo ed anywhere el e in the nei" hborhood. Beyond a 50-foot cone alecl 
interYal outh of it a re E1·er ton . and ton and lime tone that trend clir etly 
into It. Ea ·t of It a sand · ton ledg , 5 fe t th i 1,, run about 150 f et toward 
the mine portal; the junction of this ledge wi th the sand tone ma ·s is not 
expo eel (tig. 1 ) . The writer belieY · the thicl< and tone rna s to be a local 
and Yery ab rut t cleYelopment in the Everton, fo rmed at the t ime of edim nta­
tion. Probably it north : ide i · boun ded by a fault of 20 or 30 fe t eli plac -
ment, a .· it lie nt an alti.tude that i mu h lo" ·e r than i ts supposed h orizon 
on the north •ide of the hollow. This i evidently the fault lo ·ated by Purdue 
(Branner' report, p. 3), but if the fau lt per i ts, instPacl of pas ·ing on 11 p 
the creek it SIYing ·outbea t into the hill and lies on the outhwe ·t ide of 
the mine working . 

The unconformity at the ba e of the t. J oe is well iUustrated in the nei<>h­
borhood of the l ola. Where the ba. e of t he fo rmation e~·o · e the hollow a 
short el i. tance above the mine only a few fee t of limestone and ·and tone ov rlie 
the ore-bea ring dolomi te, but on the outhwest flank of the anticline, south of" 
the road clown th hill, the lime tone and ·and tone make up a con. iderable 
thickne . 

The working near the front of the mine lie on the northea t flank of the 
anticline and in the un dul at in"' beds at its foot, but farther back the tunn el 
swings southward onto what would ordinarily be the axis of the anti cline ex ept 
that the northea. t dip Ita here flattened out to horizontality. The b d · here 
show gentle dip ·, firs t in one direction and then in another. One mall yncline, 
50 feet wide with a 4-foot closure, shows some brecciation along its axis, with 
richer mineral iza tion. At the end of an exploratory drift to the we t the b ds 
are .·omewhat broken and dip abruptl y down, pre umably onto the outhwe t 
flank of the anticline, which has here become a monocline. 
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The or occurs partly in a true bre<:cia in the dolomite, as air ady mentioned, 
but perhaps more of it was originally depo. ited in ro ·k that wa. imply 
shatter d without bein"' bre<:ciated. The primary ore minera l is ro in jack, 
which in places i. mottled with black jack. A little galena appear. generally 
in epa rate crack f rom those carrying jack but lo ally in the ~ame crack , 
where it i po sibly of later cry tall ization than the jack. It i r ported that 
one mass of galena weighing 1,200 pounds was taken from a drainage trench 
n li ttle below the mine level, at the portal of the main tunnel, and other rna eu. 
up to 400 or 500 pounds were found at the same vicinity and horizon. The 
chi ef gangue mineral is white crystalline calcite. Fin dru y quartz i commoru 
as the original lining of the cracks. A few of the era ks a re tilled or lined on 
the lower ide with gray chert, which may or may not carry di s eminated jack. 
In many pLaces this chert can be explained only as due to replacement of the 
cou ntry-rock dolomite and not to filling of a preexi ting openi n"'. At one place 
n ar the front the limestone along its broken contact wi th the overlying 
dol omite breccia ha been silicified with the deyelopment of a little di ·eminated 
jack, but thi · i · exceptioual. A littl e fin ely cry ta lllzed (one·ei" hth inch or 
less) pink spar wa. een In a few place lining crack · on the clump of one 
of the haft ·, but wa · not noted in the tunnel. A Yery little chalt:opy rite 
appear· in the main tunnel. 

The ore-bearing dolomite, e ·pecially the lower part, is hea vily charged 
with organic matter in the main tunnel. In place this ba s seeped out and 
ba been depo ited as small black semisolid globular ma ses in the cracl< in 
clo e a sociation with the ore. The deposition of this bitumen preceded that 
of the calcite, but apparently, though the evidence i · not a b ·olutely conclu i>e, 
followed the deposition of the jack. 

\Vhere ·urfa ce waters have had ace s to th ore bod~· nen r Hs outcrop and 
along ·e rtn in fracture· well ba ·k fr m the outcrop, the jack has been altered 
to carbonate. Tbi. · lla · not b en extensi>e enongh, however, to be commercially 
importa nt. A v ry little zinc ili 'I te appear in the dolomite of a drift 
toward the back of th mine. 'l'his drift further di clo e oran"e-red tallow 
clay in horizontal and vert'icnl nm · in the dolomite. The ore expo ·ed in 
hatt red and br ccial d dolomite in t!Je open cut on the north ide of tile 

hoi! w ha been Jar ely converted to carb nate. Besicl s the normal gray 
•ry talline and honeycomb type , some of thi appear · as fin e flesh-colored 

cru ts, made up in part of very fin rods. 
Complete figure are not a 1·ai!abl on the production o.f the lola, a the 

mine hn been worked over a lon"' period a nd by several di1Ierent operator . 
An timate of 00' ton. of concentrat . , ba ed on !mown prod uction or lack 
of produ tion fo r c rtain y ar , reliably estimated production for other ~·ea rs, 

and an as umed production for two widely . epn rated years, is bcliev (] to 
approximate the true tota l. Io t of the output has b en ja ·k , but in 1016 
1 fell' ca rload of carbonat are reported to llave been tal{en out, presumably 
from the open cut on th e north sic! of the hollow. 

Tallow Cla1;.-1'his claim i. in the Elf1 WlA, ec. 35, 'l'. _Q 1., R J W. , in the 
first hollow from the south below the on that contains the l ola chat pile. 
Tbe working · are a ll on the we t ide of the hollow and consi. t of several 
vld ·haft , an old drift, and an open cut, all scattered over a diameter of 200 
feet. The g ologic horizon i. the lower part of th e Everton formalion . The 
primary ore was jock, eli s minuted in a sili cifl d lim tone (chert), but t!Je 
greate r part of it bas been oxidized to carbonate and silicate. No · galena 
wn found on the ~ump, but a little w!Jite ·balky anglesite and stains of 
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pyromorphit p in t to its former presenc . 'l' he pr senee of a !'\ lllall amount 
of copper is indicated b.,. green malacbit > ·tain · in the oxilli7.ed ores. Finely 
crystalline pyrite occur ·· in place·· in more r less open racks in the chert, 
eYi clently one pt·oduct of the orig innl min erali7.ation. Surface ,,. nlhering a t 
thi. locality ha. oblit ra t d all outcrop.· and ha. deYelope<l con:<iclcruble red 
cla y a a n al teration produ ·t of the ·hert. 
Wa~;h11ngt o n L ead Co.- Tlli:; mine i · 011 th poin t oC a ridg I tween two 

headwater prong>< of Eaf't uga rl oaf Creek, in the Wlf. N\\ ' 1,4 ·cc. 3:J, '1.'. :.!0 
N., R. 1 \\" .. a t an nlti t n<l · of about 1. ,115 feet. The ore hori w n i. · in tlte 
EY t·ton form a ti on about 15 feet b low the St. J o . All th e work ing: ar now 
ca ,·ell. but originally a dri ft went into th e hill for a bout 200 feet , from the 
end of whi b a r a i- , 45 fe t hi <>h. wa . lrh"en throug-h to the surfa C(' on top of 
the ridge. In tit open cut a t the portal of th e drift a haft wa s ·unk to a 
rep rtecl cl pth of 30 feet bu t \Ya banen. 

The ore i · repor ted to haY·e been entirely <>al ena. On nugget, taken from 
the open cut nea r thP portal , wei<>hed 1, 00 pontHl ;:; <llld wn .· .·hipped to the 
World' F a ir nt St. Loni ::; in J9{).4 . 'l'h a ,·era ge nug"et Si7. ' wa -, of course, 
much smalle r. 'l'he ore, as originally d pos it ed . occur in quartzite a nd in 
brecc iated fin e·gntineu mngne;; ian limest ne which ha · been invncled to ·om 
exten t in te r ·t i t ially by ~ a nd ston . ubic i!ill C' mt ·asts 1 or 2 inche in maximum 
size are embedded in some of the quartzi te on the lump, bu t mor g. nerally 
the f!alena occur · in preexi sting crack ·. A little fine clru y quartz accompa nied 
th e Ieatl in th e quartzite. nlc i.te i.· a fairly ommon gangue throughout. A 
.·tain of 1 y romorphi t occurs in places a · a ·e ontlnr.v al te rat i n product. 
l\luch of th lead that ha he n tak· n out occurred in re itlual clay, proclu ·eel . 
from th e originnl countr.,·- rock dolomite by wcnthe ring. 

About 200 fe t :outhwP:t of th :11ain tunn I i. · a smaller one a t the .·am 
Jpvel : the ore on th e dum p i. •11 ! nn tli sscminulcu ·l1i e fiy as weli -formc9 cubes 
in a cherty replacem nt product of limestone. 

The ~renter pa rt of the production from th e mine, a mounting to about 75 
tons of free lead ore. wa made betw en 1910 and 1915. 

Blaok B ear.- Tbe development·· here consi. t of n shaft about 5 feet <l ep, 
. unk in the bed of a holl ow tr ibuta ry to Ea.· t Sugar! af reek in the 
NW% W % ec. 27. '1'. 20 · ., R. 1 W. The a ltitude is nbout 75 fe t. It is 
reported tha t drift were run north, south, ea t, nnd we ·t from th e bottom of 
th e shaft, about 0 f et in each di rec tion. The hori7.0n i: in the otte t· J'orma­
tion, t ile . haft collar lying about 125 fe t below it. top. Th ore is jack and 
occurs n · ra th r fin e crystnls in cracks in a fine-g rain ed dolomite. Al though 
this property a t one time had a mill on it (built in 1907- ) , the ore proYed to 
be of very low grade, a nd no production was ever made. 

It is reported that the wa ·h below th e Black Bea r :haft yi eld a vnryi ng 
upply of galena nu"get . of unknown ·ouree, a fter each period of bea,·y 

rain . 

WEST S GARLOAF CREEK-MALDEN CREEK DISTRICT 

The di trict embrac ing the headwa ter · of We t S u<Yarloaf and 
1alden Creeks lie in northea. tern Boone County. The depo i ts 

occur in the tBiack L edge of the P o,vell dolomite, and in a imilar 
bed not quite ·o thi k, lying about 30 feet lower in the Powell. The 
Brya.ri & Snyder pro ·pect and one level of the Elixir are opened 
in bed · of the Cotter dolomite. The ore · of the· eli trict are jack 
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<tnd carbonate. The production has be n probably not more than 
2 00 or 300 ton , chiefly carbonate. 

E liu; ir.- Tlli P~'O!le r!y i · in the ' E % sec. 36, T . 20 N., R. 19 W. , in E ILxir 
Spring Hollow, one of the mall headwa ter tributaries of West ugarloaf 
.C reek. The \YOrking.· a re near and on the north (u pthrown ) si de of a mall 
fault tha t how a cU. placement of a bou t 50 feet on th hill to the we t. The 
.fault !Jea r · s lightly north of ea t. Bee!: a t two h rizon · bav been worked for 
mineral. The lower one i ·omewh re in the Cotter and wa. worked through 
!l ·haft on t he left bank f the hollow, 10 feet a bove iu h d. Tile ollar of 
th haft i at the Powell· ot te r c ntact, at an alti t ucl of 990 fee t, bu t t he 
depth of the haft wa · not lea m ecl. The ore as expo:;ccl on I be clump i Yer,,· 
I a n and consists of U1in ·eam · of ga lena, occupying crack. in a fi ne-"' rained 
.dolom ite t ha t contains a f w ·ma ll ~olu t ion pockets lined wi th fin e cl ru. y 
.qua rtz. It is repor ted that much of t he ga l na ta ken out of the . baft wa 
found in the fotm of f r e ma ' Se mbedcled in red clay. A 160-foot churn­
.d rill bole nea r the shaft a nd n s imi la r drill bole 500 feet up ·trea m a re 
repor ted b.,. B. J. Ho~ewa ter, of. E ure l;a Springs, to haYe :hown ro in ja ·k 
be low th e g;l lena . 

Th uppe r hm·izOJ1 of the E lixir i ~< in the P owell dolomite 35 f. ct a bo,·e its 
base. The ore bed i · worked through 11 .:cri es of fh·e or s ix. sma ll , irregu­
l a r!~· branching tunnels t ha t a re Ioca t d fo r .JOO or 500 feet down the hollow 
f rom t ile ·ha ft , on the a me ·ide of t he hollow. 'rh . e tunn el · penet rate the 
h ill to tl bta ncc · of 200 to 300 f et. 'I' ll ore becl i: 5 feet thick antl i: a 

.medium-grained dolomi te that conta ins . olut ion ·a yitie · lined wi th Ji ne dn 1-y 

.qua r tz. A little greeni ~h cher t occuning in the dolomite i. not ,· identJ~· 

related to the min eralizlltion. The ore i ·chiefl y "ra y au<.! fl . h-eolorecl crystal­
line zinc ca rbona te, with omc black carbona te and n littl e black and c Ior­
.Ic. -. crysta lline ilicat . A lit tle jacl; , re, iclua l in the ca roona te, i ro in ­
col red . A t rac of copper in the or am1cn r · in t he ja ck as cha lcopyrite 
.and in the l.> lack ca rbona!' a: mal a bite. The ore min era ls o ·cupy itTegular 
.... olu t ion pock t · ca tte red . porad ically in the dolomite. The e workings are 
r por ted to have p roclu · d nbou t 75 ton· of fre carbona te during the early 

.Part of the Worl cl Wa r. 
B a il cy .-The main worl;ing on thi property nre n . erie of hallow open 

.cut over a di a meter of: 200 feet , on the ri <>ht ba nk of the right one of a group 
of hollow th at converge to fo rm 'Ve:t uga rloaf Or ek about a mi le below 

.E lixir prings. 'I'll cuts lie at a n a ltitude of 970 feet, perhaps 15 or 20 feet 
nbov th e bed of tb hollow, in : c. 30, T . 20 1., R. 18 W. , nea r the rnidclle of 
the ·ou th line. The ore horizon i in the Powell dolomite, apparently in the 

.sam e bed that canie. the ore in t11 upper workings on the Elixir propetty. 
'!'be or bed i medium-grained ma . h·e dolomite th a t contain olu tion cavitie · 
lin d with fin e di'U y qunr tz. The or i jack ( mixed rosin nncl black) and zinc 
cat·bonate. in a bout equal pro1 or tions. The ca rbonate i chiefly of the gray 
cry. tallinc type which comm onl y conta in un a lte red kern els of the jack. Othe r 
fo rm .; of ·a rbona te, app nring in subordinate a moun t· , are the g rny honeycomb 
type, the lin opaqu fi e. h-colorecl ro I t.YP , nnd turl;ey fat. 'l'he ore occurs 

.in irregulnrly db;tribu tecl . olution pock t~. ra nging f rom seYeral incbe to a 
foot in Iongc:t dimens ion. Grecnb;h ·hert l nSPS are ·catte red through the 
dolomHe an<.! nr ··p cially prone to occur hol'(! ering the jack ma . ses, particu­
larl y on tli lower · i tl e~ . A . mall am oun t of pyrite tlevcloped wi th the ore tend 
.to occupy the honl Prs between the jac·k a nd chert. 
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Les extens i\e working · at the ame horiz n on the oppo."ite si rl e ,, f the 
hollow produced chiefly zinc carbonate. 

'l'he Bailey wol'ldngs have prod uced 40 or 50 tons of high-grade or e. They 
are somewhat richer in a ppearance than most of the other w rkings in the 
Powell that how the same type of ore occurrence. 
Roc/~ a>ncl Ore.-Thi r ror erty i.· in a hollow that enter 'Vest. uga rloaf reek 

f rom th left a ·hor t eli. tance below the point wh r E lixir Springs Hollow, 
draining northeast, join: severa l other hollows to fo rm the h ad of West 
Suga rloaf Creek, which fl ow · nor th we t. The property i pr·obably in the SE14 
sec. 25, T. 20 N., R. 19 W. The working ar in the tBlack Ledge 60 f et above 
the base of the Powell , on both side of the hollow, at an alti tude of 975 fee t. 
On the right >:ide a tunnel enters the hill to a el i tance of 90 fe t, with a rai e 
to th urface 55 feet back. 'l'wo ·ma ll open cu t have b en made 360 and 460 
feet up t rea m from thi turu1 el. On the left ·ide of the hollow two clo ely 
adjac nt pen cut , both a bout feet wi de. hav b n made into th hill to 
dis tance· of 20 anti 30 feet. '.rhe lJcst ore Rhows in the ore pil e.· on thi id , 
thoug-h the expo eel wall of the open cu t are of low grade. 

The ore-bea rin "' ledge is to 10 feet th ick a nd con i >:~t of mediulll-grainell 
rnas ive dolomite, v r.,. porous f rom abunclnnt ma ll oluti n cavit ic · that are 
lined by flue d ru "Y quartz. The ledge on the left ide of th hollow i>:~ brok n 
by a sy tem of joint · running N. 15• W., but the e do not a ppea r to be related 
in any way to the minera lizat ion. The or i chi efly gray cry:tall in or honey­
comb zinc carbonate and occur as a filli n"' of scattered . olut ion pockets in the 
ledge. A !itt! mixed bla ·k and ro in jack i r idual in th ca rb nat . At the 
farthe t up. tream cut on the right ide of t he holl ow the re idual jack i. · red- . 
brown. Thin h ll of egg hell ca rbona te coat som of th ray carbonate 
masses on the left ide of the hollow. 

Empi1·e.-'.rhe Empire op nlng is on a hill f'iclo fn<·ing- northw st, O\'C L'lookiug 
a headwater prong of W st Suga rloaf Cr ek. It li in th e E % Elf.J. c. 26, 
T. 20 N., R. 19 W. The opening i , an open cut, about 40 feet in dinm ter, in 
the tBJaek Ledge, which is here about 55 fee t above the ba e of the P owell 
dolomite. Part of the ore a l o occu r in a "cotton rock" (fin -"rain d 
dolomite) immed iately underlying the tBiack Ledge. The ore consi · ts of ~'ray 

and fl h-colorecl cry ·ta lline zinc ca rbonate and gray b neycoml.J zinc ca rbona te 
and occur · as inegular r placement masses in the dolomite. A li ttle 1·e ·idua l 
red-b rown jack is pre ent. P erbap the mo t d i tinctive feature of thi · d posit 
is the large amou nt of py ri te that occurs fin ely scattered through e"'r egated 
bodie · of chert at the "cotton rock " horizon. The pyri te i o fine ly cli\'icl d 
ns to color the chert black. Upon weathering, a con picuous limoni te tain 
tl evelops aml may invade the ad jacent "cotton rock ", color'i.ng i t buff. l'crhaps 
the greater pa rt of the chert tha t forms segre«a tions in tbi bed , however, is 
non py ri tic and greeni b. Some of thi s chert fo rms the matrix to u fin e­
grained dolomite breccia, but it was not ob erved in place. 

Wini8.-Thi property li in the W%NW14 ec. 22', T. 20 ., R. 19 W., at 
the ·outh end of an outlying hill between two prong of We:t ugarloaf Cre k. 
Thi hill is composed of P owell dolomite and i · capped by Boone limestone and 
cher t. The ore clepo ·it i in a 3-foot led"e of dolomite, lying in the Powell 
2- feet above its ba:e. It has been wor ked over an outcrop len"'th I etween 
200 and 300 f et by a eerie of tunnels and open cuts. One tunnel, at rile 
we ·t end of tbe group, i · 70 feet long an cl i prececlecl ''at its portal by an op n 
cut 70 feet lon" and 15 feet wide. The mo ·t extensively worked opening is a 
tunnel lying 200 feet east of the one j u t mentioned, but it was full of wa ter 
a r t ile time the property wa. examined. 
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The ore-bearing bed i" medium to rather fin e graiued and conta in numerous 
olution caYitie lined by fin e dru y quartz, a well as ca ttered len ~>e. of 

green i h chert. The ore is mixed black and rosi n jack and zinc en rbonate. I t 
occurs in cattered olu tion pockets through the rock. The carbonate i domi­
nantly of the gray crysta lli ne type, but some i · of the gray honeycomb type. 
some is black, and some consi ·t of an aggregation of fin e opaque a lmon­
colored rod . The ore i a · ocia ted in place · with rather coa rs ly cn·. talline 
ca lcite, and a li tt le malachite is peckl ed through the blnck zinc carbonate_ 
The main, ea ·temmo ·t tunnel i reported to have prod uced more jack than 
ca rbonate. The production ha · not been very great. 

Bryan & Snyder.- On thi. property, which i. probably in the W%SE1,4 
sec. 21, T. 20 '., R. 19 W., tho ugh po, ;.:iiJ ly in the n ::!xt 40-acre tract to the 
north, thr e . hort tunnel haY been d ri\•cn f rom the level of the branch bed 
in to the ea t bank of a .·mnll branc!J t·hat drain . north ward into one of the 
west prOD "" of We ·t ugarloaf Creek. The tunnel. a re nly 25 or 30 feet in 
I ngth, aud they li along a t retch of the branch ou t~· 100 feet or o I ng_ 
For about 50 feet down trcam from the northernmo ·t tunnel there are al:·o 
open-cut worki ngs from wh ich mo ·t of the ore wa taken. The horizon i in 
the ottet· dolon lite 40 feet b low tl1e P owell. The ore i. · ro in jack, with a 
li ttle black jack, and oc ur , wi thout gangue, a a filling of irr· gula r cracks 
and pocket<; in fine-grained clolomit , or in catte r d flint nodule in the dolo· 
mite. Some of the ore ma. e ru·e event! iuche in size. A little of the jack 
has been oxidized to cru t of grny crysta lli ne ca rbona te. 

ilver Fow.-Tbis pen ing lie in the NE1,4 NW1,4 sec. 2 , T. 20 N., R. 19 W., on 
the west side of a ridge between hollow tributary to a we ·t p rong of West 
Suga rloaf Creek. The opening is a tunnel ru nning 120 feet into the hill, wit.ll 
numerous latera l prong . 'l'he horizon is a 4-foot ledge o! med ium- to fine­
g rain l dolomit , lying 20 fe t nbo,·e th ba e of the Powell dolom ite. i\Ia · e ·· 
of grceni ·h flin t o ·cur at the top of the ledge, and ·olntion vu«··, lined in part 
with ruther tine cry ·ta lline dolomi t , a ppea r th roughout. The led"""' i evi· 
den tly the sarnc ne that ca rri th ore at the J ack ·on opening, a Illite or o­
a way. Tl1 e ore i hi fly cru. ty gray and black zinc ca rbonate in irregula r and 
catt red pock t a much a 2 feet aero. ; there i" al o orne crystn lline gray 

carbonate and a li ttle cr~· talliuc ilicate. Re idua l r "in jnck is n ·sociated in 
appreciabl amounts with th arb na t . 'l'he black carbonate conta ins specks. 
of malachite in rn ther g11eat r nbundance lhan is common fo r the IJOrtheru 
Arkan as reg! m. 

Jack on.-The .Tack on op uing li es in the NW 14 'EI,4 sec. 20, T. 20 N., 
R. 19 W., on the lope of n point between two holl ow that form pnrt of the 
headwater of a we. t prong of We t ugarlonf Creek. The horizon is in the 
P owell dolomite 2G fe t nbo,·c it ba e. The working i a small open cut 25 
feet in diamete r, wi th two tunnel , 20 and 30 t eet in length, dri,·en f rom the 
hack. '.l'he ore-bearing ledge i 4 feet tbi k and i a nws iv med iu m to r ather 
flu e-grained dolomite, con ta inin"' mall. vug lin d with fin e dru ·y qua rtz. 
Greeni h chert len e appear iu the upper part. The re is beautifully crys­
talline gray ziuc carbonat , containing in place · a coating or a layer of turkey 
fat, and occur in irregul arl y . cattered olution pockets i.n the dolomite. ome 
of the carbonate i of the coa r ·e honeycomb type, and a little is black. The 
black variety may contai n ma ll pecks of ma lach ite. Some salmon-colored 
massire opaque ca rbonate i repor ted to have been taken from the property_ 
The ma rketed utpu t during the World ·w a r wa about 4 tons. 

R ed Fom.- 'l'his proper ty i · in the SW1,4SE 14 sec. 7, T. 20 N., R. 19 W., on the 
poiu t between t\\·o headwater l.Jranchc · of Ma !Llca Creek. Ore appears at 

00371-35--18 
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two I vel in the P owell dolomite--in the tl31ack Led YC, 60 feet above i t base, 
and in another ledge, 25 feet ab ve the ba e. 

At the upper level an open ·ut bas be n made for 100 f et alon" the outcrop, 
barely around on th south side of the point. F rom the cut two tunnels have 
been driven, t il e we ·t one 50 feet antl the ast on with two qual prong , 
each -±0 feet. Besides these main worldngs there are sma ller op n cul " at the 
sa me Ie,·el arounu the l!Oiiit f th bill to the west. The t BLuck Le lgc in 
thcs ,,·orkin;:- ·· i. · mecl inm to rather fine ;:- rain d ancl conta ins a fc\Y .·egr gated 
ma :;e:-; of gree nish c: h r t and al o dru · :· lined with rathe r sma ll dolomit 
<·ry:sta l · anti fine llru ·y quartz cry tal . The ore is largely w ll-cry tallized 
"' rny zin · ·arbonate, wi th a littl e interlay red turkey fat, and fill irre •ular 

olu tiou pocket. · in tile ro k. The.·e pocket ·, in the rock remaining on th 
dump, are commonly a.· much a a foot in leno'th , but i t is reported that mo t 
of the production of the property (about ton shipped) came out of a fe w 

la rge pocket · that were onsidernbly la rger. liiost of this ore came from the we t 
prong of th ea t tunnel. The ore in the rest of the working was of ratb r 
low grade. hell. · of white g<Ys hell arbonate coat or are layer d in much of 
the gray carbonatE', and it is reported that ome white "ash ore", probably 
thi IUin ra l, wa . taken from the mine and old at ."70 a ton at one time 
durin g- the World \Var. A very li tt le residual jRCk i blnck. 

l'i·orking- at the lower level con. i. t of open cuts around th point of the 
hill, 500 to 600 feet we ·t of the upper working. . The rock i. · medium to fine 
gr a ined dol mite and i mas ··ive. 'lhe ore occur · in scatte red pockets in the 
rock. Although a li tt le re. idtwl blnck jack can be fo un d, most of the ore is 
zinc ·arbonate. In aclcliti n to the normal gray crysta lline type of ca rbonate, 
which i well cle,·elopecl. much of the 01· i ma .· ·ive, . almon-colorecl , n ncl opaq ue. 
This variety appears to be ·imply a more ma ·. ive fo rm of th e typ , fairly 
co mmon el!<ewhel·c, thnt is mndc up of an ag-grcgnlion of fine opaq ue fi e ·11-
colorecl or sa lmon-colored rod·; a little of that type is clevelopetl he1·e along 
with the ma iYe pha e. An uncommon type of a rbona te appea ring at this 
lower level is pisoli tic, re.·embling fi ·h roe. 

Low Gap.-Thi. old-time pro. pect i · in th NE14 ' W l4 sec. , '1'. 20 N., 
R. 19 W. , ou the we. t side of a long ridge runnin g north from Ber!!'man and 
ju ·t south of a prominent gap near the end of the ridge. The ore is found 
in the tBiack Ledge of the Powell , lying 50 feet above the ba ·e of the forma­
tion. It i,; fine to medium cra ined clolomit and onta in · clru lin d with 
fin ely rystalline quartz aud also Iense.· of greeni ·b ell rt, apparently unr lat d 
to the mineralizn tion. The ore i · of low grade and con. i . t · ·of zinc carbonat , 
som galena, and a little re- idual r eel -brown jack, all in _olution pockets in 
the ledge. The ·arbonate i · of the well-cry tallized gray type, or it may be 
coa r ·e honeycomb, or opaque fi e ·h-color cl and crusty, or an aggregate of fin e 
flesh-colored rod . The opening i. a tunnel that goe · in 4{) feet, wi th a hort 
raise to the su l"face n t the encl. 

Morelook.-Th i open in", made in 1927, i. · in the SWY. S\\' 14 .·ec. 5, '1'. 20 N. , 
R . 19 W., on the east s lope of a mall hollow tr ibutary to the headwaters of 
Ma lden Creek. It i a large open cu t, 50 feet in len"'th along the contour of 
the hill, 20 feet wide, and 8 feet deep at the back. The ore b cl i 3 feet 
thick and lies just above the floor of the pit. It l. n fin e-grained ma siv 
dolomite, lightly vuggy in pia ·es, the ,·ugs lin ecl with rather . ma ll dolomite 
crystals. The horizon i in the Powell dolomite 35 feet abov the ba e and 
15 feet below the tBlack Ledge. 'l'he ore consi t of black jack and ualena 
a. ociated with a litte calcite and occurs in baphaznrl cracks; the gal ena a l o 
a irreoou lar chunks in the rock. Much of the black j<tck i bonlerecl, wh re 
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it joins the dolomite, by a thin zon e uf red-brown ja ·k. A li tt le fin ely rystalliu 
pyrite may occupy the border between the jack and the coun t ry rock, a nd a 
trace of cha lcopyrit , as minute crysta l , occur · in so tnc of the dolomite vug . 

SHORT MOUNTAIN DISTRICT 

The Short 1ountain distri t lie· in northern Marion County, 
northea t of Monar h, and incluc.le. hort :Mountain and Little 
Beach Ridge and the headwater · of Eat Sugarloaf re k that drain 
their south -ide . Th e depo.·its occur in the Powell dolomite, th 
more productiYe one in the t Black Ledge. The ore include lea l 
ulphid e, zinc carbonate, and ome jack. Lead wa mined on hort 

Mountain a euly a · 1 70, but th e total production from the eli trict 
ha been not more than a few hundred ton ·, con i ting chiefly of 
galena. 

Rising S1~1 1.-Thi · property conta in ,,·orkin«;- at two eparat localiti , 
probably i.n the \\' Yo! ·ec. 16, '1'. ~0 '., R. 17 \Y. 

A sh<l ct, repo rted to be more than 10 feet deep. wa: unk near the bottom 
of a hollow that drain. in to Ea:t uga rl oaf Creek from the . ou tb .· id f 
J...it t le Bea ·h Ridge. Thi · shaft is at au a ltitude of J .0:25 fee t. near the he:Hl 
of the hollow. A :;econd one, not quite ·o deep, wfl unk in the Yery bottom 
of the hollow le ·s than 100 feet a wa~·. Both of the~e sha fr mu;:;t hn'" · te rmi ­
Jtated a t a horizon ne:H the ba:e of tlte Powell dolomite. Tit onl ,\· ore i a 
tittl e ro ·in jack wi th a ,. ry li t tl black ja k inl rm .. t rled ; it occu rs dissemi­
nated in small grain in fine-g rained dolomite. The pro ·pect i of extremely 
low g rade. 

A ·ccon(l :;et of pen in '::; bu. he n made in the bed of the fir t tributary 
h oll ow that com · iu f rom the left below the ·hafts m ntioned abo,·e. Th : 
. p ning · ar ome eli ·tan ce up from the main hOlJO\Y. The~ consist of a 
·mall 01 n cut in the b d of the hollow and a . hnllow haft uuk from a point 
about 10 fe t nhoYe the holl ow on the right i le. The ore i chiefly a good 
g rade of gray a nd browni ·h-gray cry. talline and honeycomb ca rbona te, but a 
c n ·iderabl proportion of black jack o ·cur. in rather large chunks. Some of 
tIt . jack ma · es are 1 foot ne ro:: in two tlimen ion but thinner in the th ird 
.one. The ore-b aring rock i a medium-"Tained dolomite, proba bly the ... Black 
L dge of tlJ Powell, al though ontcrops nrc to poor to determine thi point 
definit ly. A f w ton. of fair ly good grad or e lie on the clump. 

'l 'be Ri ing Sun proper ty i: reported to ha ,·e produced lead f rom a 200-foot 
tunn el priot· to 1905. The : itc of this ea rly working was presumably not located 
.by the writer. 

Arthur.- This property li es in c. 5, T. 20 N., R. 17 \"\ ., at the north end 
of hort Moun tain. nea t· the poin t where the highwa y de end to Peel. Ther e 
-ar sev ntl working,, a ll in t he t Biack Ledge of t he Powell. 

1. The south rnn tost op ning i. a ·t raight tun nel that penetrat · fo r 70 feet 
into hard ro ·k. lt lies at an a ltitude of 1,030 feet, on the steep ea twa rcl-fac ing 
· carp of the mountain, about 200 feet below the point wh rc th bighwa~· leave 
the ridge to de cend to Peel. The tunnel i on th ur thro,·vn side of a 40-foot 
fa nl t that crop. onl les · than 100 f et ·outh of th e opening. The fanlt ha · 
be u located at only thi · one point. so that the clirection of it · com·_e could not 
b determin d, but it appea r · to ruu about . 60• W., nearly parallel to the 
od irection of the tunnel. 
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The ore occurs in di ·conn ected oluti.on a viti ·, a mucli a · 2 or 3 f et across, 
in the medium-grained porou · dolomite, <:lli efl y in th upp r 3 feet of th 6-l'o t 
interva l bown in the wall · of tbe tunn !. The ro f rock is a v ry fin grain d 
bedded dolomit . At 15 f et from rh back of the tunnel a small fa ul t, wi th 
a dowuthrow on the back sid of 1 foot, break · dia gonally n ro- the lin of the 
tunnel. A zone 5 feet wid , bo rderincr tbi fn ult on tbe f ront ( upthrown) . i le, 
is omewbat more mineraliz cl than th re ·t of the mine, although e,·en this 
is of compa ra tiYely low <> racl . The ore i ch iefly galena with om bla k ja ·k 
and gray zinc carbonate, a ociatecl with ca l ite and pinhead- ·ize dru .v quart?.. 
Both the galena and the ja k are generally without x t rna! ry. tal form, lm t 
ilie cal cite may apnea r a· dootooth (. calenoh dnll) cry ta l ·. Tb lead ami 
jack ma :es at t. in 3 or 4 inches in ize. 'rbe quartz line all the pocket , 
whether they ca rry minera l ot· not. A little malachite show · in some of the 
jack in which alteration bacl ju t bC';::u n. 

This tunnel is the late t on worked on the Arthur property, having been 
driven dmino- th period of high pri ces in th early year · of the " orl d War. 
The production was about 4 tons. 

2. Beginning - 0 feet north of tll tunnel abo,· de -crilJetl , a ·eri c ' of old­
time shafts are t1 un" along the bill fo r about 150 feet. Th e shaft a re in 
clay, and man y of them were originally conn ect d below, ut the ore hori?.On in 
the tBiack Ledge, by eros drifts that pu rsued a very irr o-ular ourse f rom 
one sbaft to the next. Most of the haft are about 30 feet deep. The e hafts 
were among tbe fit'St worked in nor thern Arkansa ' , bavi ncr b en opened up 
about 1 70. Th ore is galena and occur chiefly in cla y. A few residual 
boultler of fine-grained dolomite, conta ining seam of cal ·itc, wer e encountered 
in tbe underground drift . Tbe lead fr m the ·e shaft wa r due d at a sm>ltcr 
at Blackwell Spring, near Mona rch. uetwecn 1 71 ancl 1 74 . Branner r ports 
that this and a nother melter near Lead Hill produced 52 tons of pig lt>nc1. 
It is not known bow much of the or e a me f rom the Arth ur baft., but prolJably 
the greater part of it did. 

3. About a quarter of a mile northwe ·t of the old . haf t , 0 11 both -id ·· of th l:! 
road desc 'Dding to Peel, eYeral sballow open cut and shor t drift· were macle 
in th e clay at th e horizon of the tBlack Ledge in the early years of the W orld 
War. ~l.'h ese opening probably procluc cl more lead tha n any other prospect 011 

Short 1\lountain, but the exact amount i · not known. It wa probab ly not more 
tban 100 or 200 ton . '!'he ga lena occurs in clay that conta iJt ·, b ide the 
galena, numerou · cru t · of fine dru. y quartz, indicating that tbe orig ina l ore 
occurred in quartz-li ned Yug ·. 'l' bis clay al o contains numerou · ilic ous 
fos il , chiefly ga tropods. 

'l'homas Ba rol ay.- Thi s pro ·pect i · in the SW 1,4 W1,4 sec. , T. ~0 

R . 17 W., on the left bill slope of the hollow that drains the south ide of hort 
Mountain. '!'be altitude i. about 1,005 feet. The main drift i apparently in 
the tBiack Ledg of the ~owe11 dol mi te. 'Ihe ore min ra l are black jaek, 
gal ena , ?.inc ca rbonate of ·everal type (turkey fat, honeycomb, "Tay cr.'· ta l 
line), and, ac<!ord ing to reports, some ·ilicate. The gangue min -ral. a re fine. 
gminecl crystalline qua rtz and, as reported, calcite. A littl e chert app a rs 
in pockets in the country ro ·!c Tbe ore is ·aiel to have occurred in clay 
along a fracture zone fo llowed by tbe working ·. 'l'he main drift goes in about 
100 feet. About halfway b~tck a shaft was unk in the floor of the drift to a 
depth of 60 feet. It i. reported that both galena an cl black jack were tak n 
f rom the shaft. A ma : of boulders on the dump, con i ting of an in tima te mix 
ture of chert nncl pyt·ite, is reported to have come from the bottom of tl1is 
s!Jaft. Some of the boulder :how cylinders of pyrite, the size of a penci l and 

r-
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_o maller. wi th r hert core , mbedded in a chert matrix . The have uud ubtedly 
l'eplaced crinoicl stems in boulders of Boone chert that have been ca rried to a 
horizon we ll clown in the underly ing P o\\'e ll through underground solution 
-chan nels. 

Cromw ell a Cad?J.-Thi pro. pect lie in the NEI4SWI4 sec. 7, T. 20 N., 
R. 17 W ., at an altitude of 1,000 feet, on one of the headwa ter branches of the 
bollow that drains the outh side of hort Mounta in. The or horizon is the 
tBiack Ledge of the Powell dolomite. The ore is mixed galena a nd bl ack jack, 
with considernble honeycomb carbonate. Gangue minerals a re ca lcite and fine 
dt·u Y quartz. The mineralization i repor t d to have been localized along 
.a vertical seam, the width of the ore run being about 6 inche ·. The galena and 
carbonate tend to occur in clay. The working~ con ist of a shallow trench, 
\Yhich foll owed the ore for about 200 feet and then pa ed inf o a tunnel, now 
·Ca\'ecl . It i reported that se\'era l hundred dollars ' 1\'0rth of lead ha been ta ken 
from this mine. 

Roy.-Thi prospe t lies on the nortln,·est lope of Short Mountain, in the 
~E~ W 14 . ec. G, T. 20 ., R. 17 \V., at an altitude of 1,070 feet . The ore 
I! >rizon i in fine-gra ined gray cl olom: te in the Powell dolomi te, 40 feet below 
the t. J e lime tone. The ore occur. in the fo rm of a eli. ·ontinuous vein, f rom 

:3 inches to 1 foot wide, a long a mall ve rti a l en t-we t fault that how a 
eli ·placement of 4 feet, clown on the north. The ore mineral i galena, a w­
<:iated with calcite and fine clru y qunrtz. Ma se of galena a much a 6 or 8 
inche acr·oss a re common but are genera lly made up of severa l cliffe t·ent cry -
tal s. The developments con. i t of a trench, cutting diagonally into the hill 
for 100 f('et, pa i11g at the rear into a small-bor tunnel 70 feet long. 'I'he 
'() r e vein i well ex posed in t he f ront of the tu nnel bu t becomes barren n t the 
rea r end. Considerable work, chiefly of a developmenta l nature, was done on 
lthi pro p ct during the ummer of 1929. 

GEORGE CREEK-JIMMIE CREEK Dl TRICT 

The d i trict that includes the drainaO'e ba«in of GeorO'e and 
.Jimmie reeks and their tributarie contain a heteroO'eneou: ()'roup 
()f clepo it . Tho on the headwater of both creek and their tribu­
tarie are in the Everton forrnation except one in the St. Joe lime­
s ton . Mo t of those depo its in the Everton are in silicified lime­
s tone. At the Bear Hill mine the depo it occur in a fracture zone 
that cut both the Everton and the underlying Powell, and it is 
1' ported that the fracture is m.inera lized throughout i developed 
-extent, to a depth of 160 feet. The t Black Ledge of the Powell car ­
ri s ore on one prong of GeorO'e. reek, on Jimmie Creek:, on the 
west side of Bull Shoals Mountain , and e pecially toward the head 
<>f ·wildcat Creek, a tributary to Jimmie reek from the northwe t. 
From the g ner.al vicinity of Kingdon SprinO' on down the valley 
<>f Jimmie Creek numerous depo its are developed in th e Cotter 
·dolomite. The production of the district ha con i ted of jack, sili­
.cate ca rb nate and a l ittle lead. Incomplete stati tic indicate that 
the eli trict ha not yielded much if any more than 2,000 ton · of 
concentrates. 
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R ea r Hill.- Thi mine i in lhe NE %, . W % .·ec. 11, T . 19 N., n. 17 W ., on 
the headwater of a ·uwll :·out hwa rcl- fl owing tribu ta ry to George· ' r k. The 
coll ar of tbe ma in sha ft i · a fe w f e t we..: t of and abou t 5 f t above the bed 
of a d raw, at an altitud of nbout 1,0 0 feet. The horizon of th sha ft collar 
i · in t h Ever ton formation abou t 60 fe t be lo\Y the St. J oe. '£he main sha ft 
reach d a d<' tlth of 160 feet, with dri ft · run nt th 45-, 90-, and 143-foot lev I . 
The fir t level, i f u thickue s of about 120 feet i: nll owed fo r the Ev rton at 
this lo al ity, wa d ubtle · in the Eve rton; the · concl leve l probnbly in th e 
Powell ; and the th ird one a im st as ureclly in th e P owell a i: borne out b.v 
the eha ra ·t r of the domina nt ore r ock on t he dump, a fin e-grained gray dolo­
mite of the P owell type. Much of the min er;l liz d rock n the dump i 
sJi oohtJy brecc ia ted. Th mine is r por teu to have been developed on a v rti­
ca ! fi ·sure depos it, abou t 35 fee t iu widtb . and minera li:r.ed from th gra ss 
root s down. The trike of the fi ssure i about ·. 75• E. o di. ·p!acem n t 
·ould be determ ine<! on thi s fi . sure at the sur face. 

The mo ·t abundant type of ore fill. · the openin gs in the brecciated and ·ba t­
te red dolomite. The ·hi ef mineral is a clear cry ' tal lin ro in ja ·k , with 
some black j a(·k admix ed . In the more open clrul'es the ja k i ruby j a k in 
ta i rly well fo rmed c rys tal.:. A soc iated ga ngue mineral. a r calc ite, fin e drusy 
quartz c ry ta lline dolomi te. a li t tl fin e cry: ta llillc pyrit , and a ver y lilt'! 
cba l<:opyrit·e. In place the ma trix of a dulomi te bre · ·ia i · formed in part by 
chert. A little cry talline s ilicMe and le · crysta llin carbona te have been 
form ed a . a lte rat ion product:. A11other but· :subord inat type of ore ·how 
the ja kin grain averaging a qua rte r to 'hal f an inch bu t in place.· rea ·hing 
2 in ch ·, d i:-;scmina ted in c·bert that ba r placetl th e orig inal ro k. Locally . 
jack i. di ·emim ted in quartzite. In a few blo ·k: on the dump fin e amor­
phou>< pyrite form · t he matrix fo r li ght-colored g ra ins of j ack, ap11ar nt ly l.Jy 
r •pla ·cment of qu:utzilc. J a ·k a l><o occur.· , associa ted wit h pink ·pa r, fillin g 
small pockets and ct·ack>'< in the qua r tzite. The ·e qua r tzi te occurr nces un­
<loubteclly r epre ent a horizon in the Ever ton. 

' l'h ·.· mine was o ri ooina lt.'· equipped wi t h an especiall y !a rt( mill (capacity , 
250 ton. in 10 hour ·), n·hich is now in ruin:. It prod utecl abou t 100 ton· of 
j ack cont ntrn tes f rom i\la r ·h 1916 until the big shu tdown i11 t he middl e of 
1917. The re was, however , r.m prod u t ion in 1907 a n<l pe rha ps ea rlie r. 

0/c£ Le(L(L ( Bt~fler & 1Vass 1) .-The. e wor l( ing li e in · c . 1 , T . 19 ., R. 1G 
W., on t he left ·lop of a fo rk of Geor"C · Creek. The o re i · found in a ma ·sive 
medium-gra ined tl olomi te in t·he P owell , a bout 50 f eet nbov i t. base, probably 
th e t B !ack Ledge. olu t ion druse· in it are lined with fin ely c ry ta ll in quartz. 
The ore i: ( hie fl y ga l na bu t in clude: al·o black jack and zin c carbona te a nd 
occur. in lat·ge r placement pock ts in t he dol omi te. Some ga lena appea r. a lso 
in . mail ,. in I t · wi t h or ,,·ithout a : ·o ia t d ca lcit . Th ore that has been 
t<tken out, however, is embedded in tbe c lny a nd decompo eel dolomi te a long 
th e deeply wea t he red outc rop of the ore bed. The la rge t ma . : of gal ena 
noted wa. a hemispheri a l ma . a bout a foot in diamete r , matle up of severa l 
large cry. ta ls and weighing 50 or GO pound. . L ad ca rbona te (ceru ite ) has 
fo rmed to a ·malt extent a .· an a ltera tion prod uct f the ulphicle. 

The deposit wa worked in a small way during 192 :md 1929 through open 
cut and : hort tunne ls o ,·e r nn ou tc·ron len gth of about .J OO fct> t. Ea h op n­
i ng was almndoned H.· ><uon a~ f re ·h hard rock was rea c· bed. ' eq~ ral to11 · of 
fr e ore was prod uced, but the exact amount i · not kn own. 

A hort topecl -out tunnel in harcl rock on the oppo ·ite ( west) side of the 
ere k, apparently in the arne bed, ha · yielded black j ack, gray c ry ·talline 
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carbonate, a nd silicate. From thi opening -!50 ton · of ore i. · r ported to have 
be n ma rl; ted . 

.A. third and much old r 01 ening lie on the a me sid of the branch as the 
lead workings but a li ttle wa~· south of them and just ncros a . mall tributary 
hollow. It i. a 70-foot tunnel with a 30-foot raise to the ur face at the 
r ear. The ore is galena a,·.-oeoiated with calcite a repl acem nt depo its in 
medi um-grained dolomi te. 

B eaty.-'l' bi · 01ine is iu t he . JBl/.} W J.4_ sec. 1, T. 19 ~ -. H. 17 W . The ea rli er 
working. · were open cut in the bed of ,Jimmie reek. Development were 
always hindered by the water problem, a · the creek had to be diverted a round 
the workin " . Later thi. mode of exploitation wa abandoned in faYor of a 
haft, whi ch , .. ,as . unk a .-hort tli tan c upstrea m on the north bani< of the 

creek, about 10 feet or o abo ve the creek 1 vel, at an altitude of ()15 feet. 'l'hi s 
·haft ''' a · about 30 feet deep. From it bottom, dri f t were run north and 
ou th on the ore bed. The north one goes about 100 feet. The ·outh one 

wa.· te rmi na ted at a omewhat le tlistance from the . haft, owiJ1g to the 
fa ct tha t it wa · run too close to the ·urface und r the creek bed, wi th the 
r ul t that a hole wa · broken through, letti ng the creek in to the working . 
One or two prospect . ha ft · have been put dO\"Vn on the north bank of the 
cr k abou t 300 feet clown tream f ro m the main haft. 

The main ore bed i a "bla nket v in·· leposit in a medium-gra ined dolomite 
at the ba .·e of the Everton form a tion. About 400 feet dowustr am from th 
shaft, wh >r thi · bed crop out, i t i fee t thick but carrie no ore. It con­
tains a few thin zones of fin e-grained dolomite and is overl a in by 9 or 10 
feet of rock of the same type, al.Joye which comes a 3· to 4-foot le lge of 
medium-grained clolomit that i · ore-b a ring l.Jetween thi point and the haft. 
Thi · upper dolomite lie. ju t under the !eYe! of the creek oppo ite the ·haft 
and i. the bed that has been exploited in the ear lier open-cut working in the 
ere k bed. T it ore fate in U1e drift leading off from the ma in haft i 
repor ted to b 1u feet h igh. '!'his would include the fin e-gra ined bed between 
the t wo coa r.-er-gra ined one><, but, con id ring th gr •at variation to \Yhich the 
Evet· t n i ·ul.Jj ct, it i I o · ·ible that the basal bed i · much thicker in the shaft 
than i t is at it outcrop. Although om or on the tl ump of the main ;:;haft 
L· in fin e-grai ned rock, mo. t of it i in the meclium-gn1iued uolomi te. 

'l'he l.J tl · in th ne ighl.Jorhood of the Beaty nrc omew!Jat waq etl and tilted 
nt low a ngle · in nniou · direction s. About 300 f et below the ·ba Ct t he axis 

f a hall ow .-yn lin cro . e the cr ek. The wri ter doe not attach any 
><p eial ignifi ca n ·e to thi yn,c line, more tha n that i t i imply on of the 
el m nt · of til e local st ructur that ha produced th fractu riug favoral.J l 
fo r the emplacem nt of the ore. 

The ore mineral is lllix <I ro ·iu , black, and ruby ja ck, cutTing in cracks 
anti so lu tion po ket in th e ountry r ck. mor d finitely al on" Tacks in the 
fine-~rain ccl rock. In . ome pin ·es the ja ·k fill the available CIWity to the 

xclu ·ion of other mineral>;; e l ewh ere it i accompani cl by "angue mineral , 
chi fly fin e dru sy qnartz a nti pink ·pa r , but here and there ca lcite, cha lco­
pyrite, or J1.rrite, t he la tter two in ,·ery fin e cry tal . In a few pia e the 
JJy ri te fonns a film l.Jetw en the fin c-"ra ined dolomite nl1(1 jack. It al -·o occur ­
i olatcd n" sma ll ·plotches in crack·. The ruby jack fo rm.· fair!~' good 
crysta l in ·o lntion pocket., and comm only rosin and black jack give way 
to ruby jack in the nei ' hborhood of vugs. 

1.'1Je Beaty hn hilt! two mills in its his tory. The earli er one, on the ·outh 
bank of the creek, mill et! the rock from the open-cut working,· . 'l'he later one 
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was buil t a l or~g~ide of the upper haft a hort while before the br ak in the 
!Price of ore iu 1917. T he prod uction of the mine ha amounted to about 300 
ton of concentrate . 

Twinkling Star.-This pro ·r ct i;; a mall open ut with a 10-foot drift at 
.the back, on the north ba nk of Jimmie Cre k, about 1,000 f et below th B aty 

haf t. The ore is founll in a fin e-grained "TRY dolomite that has b n 
.·queezecl , with incomplete brecciation. Tb dolom ite hn. been exten ·ively 
.altered to pal blui b-white clay which contain rather coa r e cry tal of 
dolomite. Commonly the dolomite forms the fragments and the clay the 
matrix of the breccia. The top pa rt of the ore i in quartzite. The ore zone 
is 6 feet thick and grad'es upward into an unmin ralized and tone 4 feet 
t hick. The bedd ing tructure has been de troyed in the clay rock, even where 
it is not definitely brecciated; thi rock <>racles clowmva rd into dolom itic 
sand. tone that forms the basal foot or two of the Everton. The or i chi efl y 
•Cru t~· carbonate in pocket· in the clay rock. It contain a little copper Cilr­

bona te. Some of the clay ro ·k ·how the ca t of eli. eminatecl jaclc A little 
mixed ro in and black jack occu r in and ton on the clump, having appar­
.cntly come from the top of the ore bed at the back of the hort drift. Thi · 

and. tone contains streak of the bluish clay . ubstance . 
.StilltvelL- Thi · open ing is in the NE:i4 sec. 1, T. 19 N., R. 17 W., about 

ha If a mile below the Beaty, on the no rth ide of Jimmie reek, 40 feet above 
t he trerun bed. The development con i t in superficial . cratching that has don~ 
little more than expose the bedrock. The ore occur in crack in a m dium­
.grained. gray dolomite at th e ba e of the Everton formation and in the fine­
grained dolomite at the top of the lmderlying Powel l. It i mo tly gray 
crystalline carbonate, but a little rosin and black jack with locally a little 
.galena and without gangue appears in the cracks in the Powell. 

B i g Buffalo.-Thls property is in the S%SW14 · c. 5, T. 19 ., R 16 W., in 
the first hollow tributa ry to Bn1 by Fork of Jimmie Creek f rom the ea t. One 
group of openings, con i ting of ix or ev n open cu t , lies around the mouth 
<>f a mall ravine from the west ove r an a rea 300 or 400 feet wide and a 
vertical interval of about 30 feet. The base of thi interval i about 970 feet 
:above · a level. Another set of opening , con i ·ting of open cuts and a f w 
short drif ts, is strung a long the e.ast side of the hollow, perh aps 30 feet above 
ttbe creek bed, for 200 or 300 feet below the mouth of the ra>ine. Both sets 
·of opening are in the Everton formation about 40 to 70 fe t above it. ba e, 
.although these figures can be only approximately correct, a the t ructure is 
. omewbat disturbed and the base of the Everton bas not been reached by 
<erosion in the immediate vicinity. The ore-bearing rock _is a cher t, about 30 
feet thick, resulting from the s ilicification of li'me tone. Here and there the 
chert ha · replaced quartzite, altbou"'h incompletely. Much of the chert in­
terval, especially the upper part, i barren of ore. Float blocks of the chert, 
with or without jack casts, occur along the creek bed for -oo to 600 feet abo>e 
t he opening . 

Except in the bed of the hollow there are very few natural exposures in 
the vicinity of the openings, so that the structure i not very satisfactorily 
-determined. There is a low regional clip to the north , as shown along the 
hollow between the mines a nd its mouth. In t he vicinity of the mines the 
~tructure is gently und ulating. In the bed of the hollow, l50 feet upstream 
from the ravine that contains the west group of opening. , the quartzite is 
brecciated over a width of several feet, but the extent of the movement that 
produced the brecciation is not evident. In all probabili ty it was slight. The 
la minae in the chert of the ore-bearing zone· show small-scale tiltings, fa~ts, 
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unconfo rmitie , etc .. but the e feat ures were evidently produced b~· th~:: silici­
fication and are not truly . tructural phenomena. These di turbance are not 
·o ""reat as to affect the aYerage horizonta lity. 

The original 01·e was mottled ro in and black jack, which wa. either di -
seminated in the chert in cry tal as much a three-quarters of an inch in. 
diamet r, but averaging half an inch or less, or el e concentrated in irregular 
pockets 2 or 3 inche aero s, ch iefly along bedding plane;:. The jack has been 
largely altered to carbonate and subordinate ilicate, whi ch fill the leached­
out ca ts in the chert. The carbonate is in part a black ru ty type derived 
from the larger jack masses in place and generally conta ining residual grain 
of ja ·k; in part a gray, fi . h-colored, and, rarely, yellow (turkey fat) cry ·tal­
line (botryoidal) ty~e; and in part a matted granular fi e h-colored type, in 
which the granule are minute opaque, cap nle-sha l)ed r od . The gangue 
mineral are fine dru y quartz alon"' the beddill'' planes and, le s commonly, 
pink spar, which is in part or largely rer laced by opaque, fle ·h-colored zinc 
carbonate. Both the chert and the cl1erty quartzite contain parting of a 
pale-green! h clay alteration product. 

The production of the Big Buffalo has been free carbonate ore. 
Tolliver.-Thi is a low-grade pro pect on the left side of Jimmie Creek 

oppo ite the mouth of Bru by Fork, probably near the outhea t corne...- of sec. 
31, T. 20 N., R. 16 W. The opening is an open cut about 50 feet across in 
solid rock on the teep hill slope al out 40 feet above the bed of Jimmie Creek. 
It i in the !Black Ledge, a mas. iYe 1Q-foot ledge of fine to medium-grained! 
dolomi te in the Powell formation, about 50 feet above the base. The ledge 
is here very porou , owing to the presence of numer u sma ll solution pockets. 
The e are generally lined with fine quartz. 1'he ore minerals are rosin jack, 
with some darker mottling , and a larger amount of gray cry talline zinc 
carbonate. A little malachite is a -. ociat d with the carbonate. 

Ontca.ta No. 1.- Thi.· mine i in the NJ!:l,4 E~ c. 30, T. 20 ., R. 16 W., 
on th «te p \-vest sid of Onwata Hollow, at an altitude of 950 feet, about 
0 f ct abov the h d of the hollow. The horizon i · in the Everton formation 

about 35 feet below the t. Joe. Owing to the fa •t that the tunnel is caved 
n ar th portal. the min it elf cou ld not be examined, but the tunn I i 
reported to be about 3fi0 fe•t 1 ll" and to wind irregularly. Above the porta ~ 

tho b ds arc unbrok n lime tone and ·audst ne. In the open cut in front of 
the tunnel, h ,,. ver, ther i on-·iucrah l brec~.: ia apparently in a z n varallel 
to th face of the hill (X. 30• E.) and trfiJ]~ \·er. e to the direction of the tunnel. 
Thfs br cia show limE>.·ton fragm nts in a limy sa ndstone matrix, but it 
ha. in places been silicified, with the dev lopment of eli . em inated jack and. 
larg r ir-r ~ula r ma ··es of black jack. llluch of the ja k ba be n leach d 
or co rwcrtctl to fi e h-colored amorpbons or fin e rot!- hapcd carbonate. The 
portal of th tunnel i in a ilicified lime.-tone thnt carr:e ca.-t·· of di.­
seminated ja k, and Yidcntly thi i tli bed on which th mine i cleYelopecL 
The chi ef ore minE-ral sh wing in the chert of th portal is white and black 
crysta ll ine silicate, the black contain ing a few gre n peck of malachite. A 
small amount of gra~· cry tallin ca rbonate is a l o pre ent. A few 14-iuch 
cuhi · ca ·ts in the ch rt indicntc that a li ttle galena wa orio-i11ally l)re. ent. 
A lar c amount of t·allow clay is r ported to haYe been f uncl in the· mine,. 
nlong with the oxid iz d ores. The production of the mine wu e;:s ntially 
sil icate, but it conta ined . me carbonate. The total i not known, but thE' 
production for 1915 wa. 145 tons and f.or 1917 about 90 ton ·. '!'he mill on tht> 
property !HI been burned down. 
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01111;afa X o. Z.- ·e,·eral mall tlri ft ·· haY be n run into the hill about 500 
feet no rth of Onwatn tunn I 1. hlo ·t of t·hem a re barr n. ~'he l a r~o:est one 
"O in about 50 feet throngh bllnen I imc ·tone but rea ·he · the bas of a n 
ore-b tHing ilicified bod.r at til back end. 'l'hi · body i · about 15 fe t thick 
and i · much wider in its upp r than in it low r part. l\Jo t of the working 
a rc in it · UJ per pa r t ovc1· a diam tcr of 3G or -!0 f et, and these ·onn ct with 
the ·u rface by mea ns of a . e · nd dri ft about 10 ft•ct hi gh r than th flr .·t one. 
Th is upp r level i · in the Everton fo r mation about 25 feet b ' low the St. J oe 
limestone. 'l'he cher t bed:· ca rr.\"ing t he ore a rc . om what contorted. 'l'h .'· 
thicken and th in irregu l ar!~- and ·ontain numerous larg ·olu t ion cav it i 
All the deformation of the bed · can b cxpl;tincd by solution tluriu" ::1ili ·ificn­
ti n. Considerabl e a lteration to clay has ta ken place under pre ent weather ing 
c u<liti ons, ancl nmch or the clay i clc:1n enough to be cla ssed a· a tallow 
clay. The 1 rima ry or minera l was jack, whi ch origina ll y o ·currcd as huge 
cr~· sta l in t he .·olution cavities. Al l of it ha s been oxid iz d to hla k .·ilicate 
ancl le s abuudant black ·arbonatc. A little aur il.:hal ·i te o · ·urs a · a finul 
incru ·tatiou on black .·iiicnte. Con r e calcite cry ·ta l. · (>:calenohed rous, G inch' 
a ·ross) nppea r iu som · of th la rge pock t , general!.' · : urrounded by ·Ia~· . 

'l'bey 111ay b incru~tcd by cryst<t lli ne silicate. 'l' he or e on thi. leYel is Y r,,. 
spotty in di. ·t ribution, aud much of the workin.~ ·hows barren chert \Yall s, 
without e,·en dis ·eminated jud;. 

Big Elephant.- 'l'hi. prop rt.r is on a hi ""h sout hwa rd-facing point between 
two prongs of Onwa ta H ollow, in the 'W !4NE .t,4 cc. 30, '.r. 20 N., R. 16 "\V. 
The minernlizati on has occurr d a long a vertic<t l north- outh fracture that 
cuts both the t. J e lime tone and the Yery top of the und rlying E ,· r ton . 
format ion, but mo t of the ore app nr in the t. J oe. Th f m ctu re i · marked 
by a cer ta in amo unt of ·rum[ ling, but ther i · no evident d i:placeurent at the 
I.Ja e of th t. J oe. The fa ·t thnt Jurg bl\><·ks of th St. J oe a1·c lnterkn ud d 
wi th Everton santl tone, 10 feet below the ba:e of th St. J oe, incli ·a te that 
the:·e was . orne ·Iumpin" a long the fra ctur , po ibl y from solu tion e ither 
cltn<n" or before the m ineralization. 'l'he lime tone of both formations in a 
zone about 15 feet wid a long the f racture ha. been silicified to cher t. '.rhe 
opening .. co1 : i ·t of a 6,0-f ot shaft in the St. J oe (a ltitude of co ll ar, 1,030 feet) 
a ncl two rather ·ma ll open cut at different leYel (1,0JO and 990 feet) in the 
ro k below, the lo Y~· r cut a long the t. J oe-Eve rton contnct. 

T he prima ry ore mineral a r j ack a nd galena eli eminated in the cher t. The 
galena appears a cubic crystals a quarter of an inch to 1 in ·h in . iz . 
The jack i mixed ro ·in a nd black, the latt r predominating, aud the 
cry ·ta l: a re mostly betw en a ixteenth ancl a quarter _or an inch in s iz , 
but a f w r a ·b 1 inch. Con iderable Ieach in" and ox idation baYe o curr d. 
Z inc ·ilicate i · a very common a lterat ion product; zinc a ncl lead carbona te 
Ie ·: . o. Tra ·e: of mala bite a nd a uri chalcite appea r in the o:~..iclized ore ·. 
Th only ore noted in Everton cher t wa m iout ly c ry. talline zinc ili cate and 
a sma ll amount of carbonate in the form of flu e fie ·h-colored rocl ·. Jack ca ts 
appea r in some of the che rt, however. 

In add ition to the minera lization along the fra cture there bn · b en loca l 
ilicificat ion, with the development of small segregated ma , es of !) la ck jacl( , 

a long the becl<Jjng of a lime tone abou t 25 feet b low the top of the JJ::ye rtou 
formation , 200 feet west of the fracture deposit. A li ttle fine cha lcopyrite 
is embedded in the jack , which has been la rgely oxidized to black a nd gray 

<:a rb nate and to black, flesh-co lored, and colorless crysta ll ine ilicate. A lit tle 
ma lachi te ·ta in occurs with the black sHicate. The ""a ngue minera l i. ca lcit . 



GEORGES REEK- JIMMIE REEK DISTRI CT 277 

.A drift on ly a few f et long ba.· I een driYen on t b i. depo. ·it , which of very 
·tigh t exten t. 

Another depo ·it occurs in the ba se of t he t. J oe li me ·tone on the lef t ·ide 
of a .·ma ll d ra w 400 feet northwest of the f racture depo.·it. The beds a re 
·omewhat j um bled, bu t ·ome of thi condition may be clue to .·urf a ·e weather­
i ng. Both j ack a nd ga lena were ori" ina ll y dl seminated in t he cher t t hat 
repla ced t he ti me tone, but both have been leached ou t. 1\fos t of th · j ac l;: ha 
been cotwer ted to cry ·ta ll ine s ilicate. Some of the chert . bOIY:< well -(! fi ne•! 
ca s t. of dogtooth spa r (ca lcite). A mall open cut and a drift a few f et long 
at it ::; back are t he only development.· . 

B ig lJtteh;.- T his openin" i up an ea. t tr ibuta ry of Onwata H ollow that 
en ter t he ma in hollow a t the Onwa ta mine. T he B i ' B uck \YOrkings a t· 
on th e ea;;t lope of thi. hollow, about 50 f et above it·· bed, nt a n a lt itude of: 
9 5 f t. T h ma in workin f! i. · n d ri ft , now <·aYe<!. tha t ha · been cl rh·en i n 
E 1·er ton lime tone. T he roof of the d rift i s about 20 f et belo11- the t. .Joe. 
T he beds a re t il ted a few degree to the . outb but a re apparently unbroken. 

The ore-beari ng rock on the dum p i. · cher t, fo rmed by r placem nt of t iP 
li mestone. The ch ief ore mi nera ls a re ga lena , black j a ·lc, a nd :l.inc sil icate. 
The ga lena i el i. semi nated in t h chert a . c ry. ta L' 1 inch or I in ize. 
or it may oc ·ur on fre . urfaces a long parting vta ne. in th e cher t. 'l' he 
jack or i ts ·a ts a re commonl y a qua r ter to ha lf a n inch in ize, but some 
masses measure 3 or 4 in ·he . T he dominant black j ack may can·~· a li tlle 
ro in j ack. 'ome of th coarser jacl' contain a li ttle bal copyri t . which has 
a ltered in plac to malachite \\"bil e t he ncto. ing j ack wa. a lte r in« to bln ·k 
ilicat0. A litt le zin ca r bo na te occur, with t he s ili cate. 

01' /h, tar.- Thi s r ro. pect is in the ea. te rn pa r t of sec. 9, '1'. 19 X. , R. 16 W ., 
on the ;;teep nor th slope of a holl ow t ribu tary to 1\[occa. in reek from the 
11· . t. Th ho r izon i in t he EY rton fonna tion 0 fe t abo,·e the ba e. The 
workings con is t of an op n <' ll t wi th n tu nnel nt th e b<tck, now ca ved. T he 
o re- hea rin~ rock wa or iginall y a mixed lime. ton and nl cli um-"rainecl rlolo­
mite, the IHtter mass d cl1i0fly at th base of th min era li zed b cl, though 
!!racUn~ up into the lime ton . Both pha . e were pa rtly . ilicified a long heel­
din" pla nes by t-11e min ra li zing ·otut ion ·, hut the clolomi t , appa rently a -- a 
r suit of its g rea te r poro ity , wa . inntde j to a g t·eate t· ext nt. 'J: he ore con­
·i ts of mixed ro in and black ja<·k a nd carbonat a nd i dissem inated in t he 
cher t. I n the fo rmati on of t he a rbonat the jack wa · I ached out. lea ving 
t he cher t hone.1·combe i with ca ts . 'l'he ore zone i · only a few feet thick a nd 
i capped b~· 3 feet of a nd tone. 

orne ore was ;;hipped between 1014 a nd 1917. J. H . Ha nd, of Yell\·ille , 
repor ts 60 ton in 1917. 

Bltte fi'l ctg.- Thi property i · in the NE 1,4NW 14 sec. 4, T. 19 ., R. 16 W . 
'T he cle1·elopment. c n is t of t hree . ma ll t unnels, non of them mor t ha n 100 
feet in len<ct;h, a nd an op n u t about nO fe t in dia meter and 25 feet de p 
at the ha k. They nre st rung along the b ill id OYer a length of about -oo 
fee t, high on the wes t sicle of a hollow tribu ta t·y to Jim mie re k f rom tbe 
out h. 'J'h a ttit tule is a round 950 fee t. T he coun t1·.v rock wa. ori o-in a lly lime­
tone a nd sn nd.·tone of t he B1· r ton formatio n, hut both ha Ye be n more or les 
·ili cifi cl to cher t. I n t·h f ront of th · open ·ut there has been ·ome breccia­
tion, hut the cbaract r of 1'11 movem0nt t ha t produced i t could not be deter­
mine(.] . In t hi · breccia pa rt of the l ime tone i un nlte r d, but more of it has 
b eu s ili cifie 1 a ton!! wi th t he a socinted .·amlstoD f ra "m nts, wi th th e <lel·et­
opm nt of som(' eli. "enlin ated ja ck. The jack ha!=: bc>en a lte red to cry talli ne 
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,.;il i<:ate. The black Filica te, d ri Yecl from jack in I lace, carri es a few ·pecks 
of malAchite. The dump · f til tunnels to th northea t . how that the ore 
was h 1·e bo tll crys tallin ilicn te and fin gra nular ot· arthy fi h-coloreu 
carbonn tc. T he originAl sour ·e of the zinc ,,·as eli · minated jack in the chert, 
but the jack ha · been leA ·h d out, I aving only the cast . 'on iclerable red 
clay ha. develep d as a weatherina produ t in the tunnel , and it i repor ted 
tha t the ore produced fr m the opening· c<:u rrecl Jarg ly as di minuted 
sili ·at ami ca rbonate in this cla y, bu t 1 nr t ly al o in larg r chunk (fr ore ). 

H om esta.ke.-Tbi. is a u old-time ·ha ft , reported to b 109 fc t d ep, itua tetl 
400 or 500 feet en t of Mocca in r ek, a few feet above the bo ttom of a 
mall draw, in the \Vli! SEY.! sec. 3. T. 19 N., R. 16 W. The a ltitude is 720 

feet. The . haf t i. now fi lled with wa ter within about 30 feet of the collar. 
It i in the Cotter dolomite, the c lia r being about 40 f et below th top of that 
forma t ion. What little ore show on the clump i. cry talline ruby jack occur­
ring without 'Hngue in crack · in me<lium-gra inecl dolomite. 'l.'he ore-bea ring bed 
carrie· the nodular cl e rt haracte ri l'ti · of th e otter, and omc of the ore is 
fo und in ·ra ck in thi hert. 

O!ynwia.-The openi11g on this property is a ·haft on the ou th side of 
Jimm ie Creek, 15' or 20 fee t ahove wa ter I vel, in the E %,SE'\4 e . 33, T. 20 

., R. 16 W., a bout a mil above Kingdon . pring . The shaft was unk on 
the ba ·is of the record of ev ral drill hole. in the Yicinity nnd is reported to 
be 9G feet deep. Ore wa. encountered nt 2 fee t, and at that level a d rift 
was run ea ·t fo r 100 feet and then north for 50 feet. The ore wa of too 
low grade for the mine to pay and no work has been done since 1909. Opera­
t ion wa . seri n. ly hamper d by au exc ·h· fi ow of ground water. 

The ore horizon in the ·haft is in the Cotter dolom ite 150 feet below its 
top. 1' he ore-bea ring rock i! · a fine-grained dolomite (" cotton rock " ) that is 
in part oolitic. Ruby jack, in 1_4-inch to %, -in h cry ta l , occurs ill thin crack 
in the dolomite in a ·ociation with fine dru y quart:~~ and a little marca it . 
A small amou11t of in ters titial chert in the dol mite contain a littl e micro­
scopic feld . par (adularia ) . No ore wn· ever marketed an d the material on 
th e dump h w le s than 1 per ent of jack. 

llion keJJ Hil/.- Tbis mine i · on the ·outll bank of t h ea ·t fork of Mitchell 
Creek, 200 to 300 feet above the fork , in the NEl,4 El '\4 ·ec. 2, T. 19 ' ., R. 16 W. 
'.rhe hief \vorking i a ~ha ft (altitude of coll a r, 720 feet) sunk ft·om a point 
a few feet a bove the level of the cr k to a depth of about 120 feet. Two ore 
run· were penetrated. A low-gra de run at the bottom of the shaft, after 
being pro pected by a bort drift, was abandoned in favor of an upper one at 
the 50-foot level. At this level a large ova l r oom wa _cut out sou thwe t of 
the haft, i t.· longer axi extending a bout 150 feet southwe. t from the haft, 
and a smaller irregularly elongated room was cut southeast of the shaft to a 
di tance of 130 fe t. 1'he average ore fa c i · abou t 6 feet, ex ·ept in the ou th­
ea t room, where an additional 4 fee t has been taken from th floor. 

1'hi:- ore run is in the Cotter dolomi te about 100 feet below its top. The 
ore is ruby jack and occurs as r ather small T Y ta ls (maximum half an inch) 
in :IJ,.-inch to 1£ -inch cracks and cr evice of the shattered fin e-g rained dolomite. 
Some also occurs in the crevices of the nodular banded chet·t coutained in 
the dolomite. A. a ooeneral rul e, the crystals of jack are I o ely attached to 
the walls of the fra tui c, so that they are en ily brokeu out o r the ro k during 
the milling. Locally, the jack i · rna s ive and ma y com pi · te ly fill a crack for 
2 or 3 inches without developing any definite external crystal form, although 
the cleavage . bows that the whole mass is pa r t of a single crystal. A few 
blocks on the dump show definite though rather ob ·cure brecciation, involving 
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dolomite of both medium .and fine grain. The breccia f ragments h:we br·Nl 
;.o completely r ecemented a long point of contact that if it were not for the 
vnriations in texture nntl the presence of angul a 1· inter titial ca ,·ities no evi­
den ce of the brecciat ion would be pre n·ed . A. a genera l rule the shattering 
of the bed.· ha been accomplished without any dcfinit·e brecciation. A very 
small amount of browni h-gra.r carbonate . hows in sune of the br ·c ia , hut it 
is of no commercial iulportauce. 

The only gangue mineral noted on the clump of the main mine i;; fine clru y 
quartz which line orne of the cracks in the dolomite and chert, but it is 
uncommon. A little calcite occur with the jack on the ctump o1' a sma ll [}! os­
pect haft a. short clistance south of the min ·haft but was not noted on rhe 
dump of the main ·haft. 

The mine wa · once equipped with a rather mall mi ll , which is now in ruins. 
It production ha been about 200 ton of jack concentm te , accordiDg to Charles 
L Va · ·eur, of Yellville. 

Eric Ozark.- Thi. mine i on the outh ide of an east t r ibutary of Mitchell 
Creek in the ' EVa El4 sec. 2, T. 19 · ., R. 16 W. , at an altitude of 745 feet. 
'l'he open ing is a . haft on the gently slopiDg hill icle, 20 or 30 feet above the 
bed of the reek. The ore is developed on the 120-foot level in the shaft. It 
oc ·ur in fine-grained Cotter dolomite about 175 feet below the top of the for­
mation. Much of the ore-bearing rock i rather porous, apparently owing to 
ruther exten ive leaching by water prior to ore deposition. Some nodular 
<·hert is present in the ore zone. The ore is ruby jack, which occur as mall 
crystals and larger irregu lar ma e. (mnximum 2 or 3 inche ) in cracks and 
creYices in the shattered dolomite. Some of the more massive jack is rosin­
<·olored, and a little inclines toward black. White calcite is in place associated 
with the jack. umerous . mall solution pockets in the dolom ite are lin d with 
fin ly ·ry ·ta lline quartz, and these pocket may contain small crystals of jack or, 
rar ly, of chalcopyrite. Fine ro ette of pyrite appear in crack in the dolo­
mite, with or without jack, but they are n t abundant enough to affect the 
grade of ore. 

Th mill formerly pre ent on the property has been torn down. 
Oincimwti B ll.-This property lies about halfway up the slope on the north 

s i(ie of Jimmie 'reek oppo ite Kingdon Springs, in the NW1,4NW14 sec . . SIS, 
T. 20 ., R. 16 W., at an altitude of 10 feet. The working con i ·t of an open 
cut 100 feet long following the contour of the hill and 10 or 12 feet high a.t 
the back. From the buck of this cut two tunnel have been driven into the 
hill, tb left on going in truigbt for about 125 feet and the ea t one curving 
gradually to the I ft through a di tance of 150 f et. The geologic horizon i 
the t Black Ledge, 60 feet above the ba e of the Powell. The medium-grained 
dolomite making up the ledg contain numerous solution vug , which may be 
linecl with fin e dru y quartz, or exceptionally with fine-grained dolomite spur. 
'.rh ;e vu"'s general ly m u ure 1 inch or le. , but a few reach 3 or 4 feet. The 
ore nre chiefly galena and zinc ca rbonate, but a little jack is al o pn:sent. 
The galena may be mbeclded u itT gu lar- bnped crystal or as imperfect cubes 
in the dolomite, or it may line solu tion cavitie . The carbonate forms crusts 
]n dru e · and along cr-ack . The jack appears a a filling of quartz-lined 
<lrus s and al o embedded in a gray che rt that hH replaced the dolomite rather 
.sparingly. It is mixed ro in -color d a nLl black. Some of th black arbonate 

how truce of ma lachite. There i le s ore bowing· in the tunnel than in 
t11e open cut on the out ide. 

Willow Spri11gs (MUch ell f). - Tll i openin" i a 40-foot tunnel that penetrates 
t.he hill on the south ·ide of Wildcat Or 1;:, 300 to 400 feet up from Jimmie 
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re k , in th \\"1/. SWY.~ ,-ec. 25, T . . :.!O ~ .. R 16 \\". The Hltitud i.' 620 f et, 
5 f e:· t aboYe the bed of \\" il tlcn t r eck. The hori zon is about 1 0 f eet below 
the top of the Co tter d lomite. The min i · in a. rath r tine-~ raine rl dolom i te. 
The ore is mixed r osin allCI black ja ·k that nppe11rs mainly al ng :1 T . 

fracturc, 15 f"E>et from t he portnl. A latera l drift, :.w feet l ong, ltH · becn 
open d to the riglJt on thi · run. and what little ot·e ·hows in th e mine is ·h iefly 
on tbe f ront wall of thi. · In tent! d ri fr 1111d on the wn ll or the ma i 11 dri f t oppo ·i l e 
it· mau l h. The jn ck oc<: urs in ,·erti <:all .' · !'l <> n •u ted }(' li SP>< that i n c rOHf' . e ·lion 
m ay r uclt 10 inchef' in hf' i ""ht and ,J. inch s i n width. 'l'h jack hn f:: c mplet ly 
fil l< cl the antilnb l<' opening;:., w ithout gangue min •rn ls. A lit t le of it ha. been 
al l ll"<'ll to g ray ct·.n; tallinc carbomt te. A :<C ·ond Ia rent I drift ltus \Jee11 d riYcn 
•m th e 1 ft si de of til . maiu runnel, ~5 f et from the portal, to a <li stunce of 30 
f e 1". and at the end it bend <: f orward and br eak tbrou<>h to the . urfn ·e. Thi . 
drift w <t · appar ently i n I \Y -;:rade ;..:rouncl. though a little ore o ·cur.- on the 
front w all a t th e junct ion with the nta i n tunnel. A smnH YCrti cal faul t with 
an u nknown di ·placement. probably lc:<,.; than a Coo t, ·rof<se · the main tunnel 
near the por tnl and ha.- p roduced a hrcccialed z n 1 or 2 f eet wide without 
affec ting th e attitude of the adjacent b d~ . This breccia is irou-.-tained but 
not mineralized. Til f aul t i s nbout para llel t o tb mineralized f ra ·ture. A 
·e ·ond fault cr os.-e the main drift near the back end. It show:; a displac ment 
of 6 iuche ·, dO\Yll on U1e f r ont, bu t ha produced neither bt·e ·c iation nor 
miner a lization. 

JJa,rdeen.-Two ~'<haft · ha1·e been .·unk on th h ill on the sou t lt side of Wil dcat 
C reek about a quarter of a mi le abOYe J immie Crel k itt tile 'E % . ec. :.!G, 
T. 20 ·.,H. 16 W . Both a re in the Cotter dolumit . The lo\\·er one i · about 40 
feet deep and the altitude r i ts collar i 650 f et , 30 f eet abo,·e t he er e k bed 
and about 150 f eet below the top of til' Cotter. The on!.'· ore f ound on the clump 
was a YCry small amount of ntby jack in a ·•·<t ·k in 'utter chert. The upp r 
shaft is abou t 50 or 60 f eet d ep, and it· colla r is at 720 f eet , abou t 0 feet 
below the top of the otter dol mite. Tbere i · no re sbowing on t he dump of 
thi. .-haft, but much of the dump was ob · ur d at the time of ,·i sit by the mud 
that had r cently b en cleared ou t of the haft. 

. P. King.-Thi.- pro pect lies in a pasture on the .-ou t h ·ide of and acr 
th e hollow f rom th road between Flippin and K ingdon Sprin " , probab ly in the 
N\V 14 .- c. 6, T. 19 N., R. 15 W., a t the ·ame a l t itude and apparentl y at the 
·a me horizon a · the · i shwitz. dcscrib cl below. The w orking · ·on ' i t of an old­
t ime haft with ·hallow open- ·ut trenche: aboYe it. The or is black, ruby, and 
pr dominating r o in jack, and oc ·ur.- in er a ·k.- in the fi11e-grnin ed ott r dol o­
mile. Some alterati on to gray carbonate ha · tak n p lace. The gnn ""ue min­
eral.- are fin e dru. y quartz and pyrite, th latter lyina between jack and the 
country rock. A t r ace of malachite i.- a. ·odated wi th black carbonate. The 
.. haft app ar · to hav been barren a ·hor t di. tau ·e bel ow i t.- collar. 

Nishwitz .-Thi. pro pect is the most promi ·ing one that occurs in the ott r 
dolomite. It i.-si tuated on the head of a mall hollow draining w st to Jimmie 

reek, probnbly in the W % sec. 30, 'I'. 20 N ., R. 15 W. The n l titucl i s around 
710 f e t. 'l'lt e pr o.-pect i · in a ma.'sive fine-grained dolomite, contilining a little 
gray and whiti h chert, that li s ab ut 100 feet \Jel ow the top of the Cotter 
doloru i te. It i developed by n n open ·ut 0 f eet ion , 30 feet w ide, and 15 feet 
deep at the hack. Tbe .- hattet·in g that ba controll ci the mineralization L· 
limited to a G-foot interntl. nenr the batt m of tb pit. altlt ou~h both the over· 
l.,·i ng u ttll umll'rl.'·ing rocks Sl'em to be litltologi a lly Yery .- imilnr and wou ld 
normally be expe("te(l to lw \·e read eel to .- tres.-e:; in the sa 11t e way u · tit • ore· 
bearing bed. 
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T he ore, which is e. ·eu tia lly j ack , fi ll. · the ca vi t i . be tween tile dolomit 
fra g men ts. Far s of jack 6 to inchc · across are common . The mineral 
range" in colo r from ro.· in to r d-l:n:own and rui.J,· bu t th ro ·in- ·olor d variety 
i" dominant. A li ttle bla ck ja ·k i · a l ·o prcsen·t: 'ome a lteration to cr y ta l­
lin e or h oneycomb ca rbonate ha. ta ken pia ·e, e.·pe ·ially ncar t he ur face. i\lost 
of t he ca.rbonate i. whiti ll to gray, but a litt le of i t is ye ll ow t11rkey fat. 
Gangu e m ineral · a. so ·iated in p lace· wi t h the o re, but every wh ere in ·mall 
nmount ·, are fin e tlru~y quartz, lining the cra('k , find pyr ite, wh ich may form 
a thin band between the ja ·k and the ountry rock. The pyri te also occu rs 
in ra ·k:s o r tli s ·eminatecl in the co untry-rock clolom ite, not in Ye ry c l•l e 
r lation to th e jack . T he qunrtz is SOJlletime. accomt anied by h r t. 

In contr ast t til e .·r ott_,. eli ·tribution of th ore in so many of the ot!Jer 
pro ·pects of the cli.-trict, the g rade of ore run · un iform ly high t hroug hou t 
thi. working. It i · r epo rt tl t hat ore f rom th is mine wa · shipped to J oplin 
a nd there milled, though the a moun t ·oultl not hn,·e I.Jeen ;.rr at. Owing 
to til lack of ou tcrop.·, t he geo logic condition · that have determin ed t he 
I.J r <·ciation a re not CYicl nt, .-o that it i not po ·sible to predi t the ex tent 

f the min ra li7.at ion. 
Robinson.-Thi.' pro pe ·t i~ on th we. t s ide of Bull boa l:s Mouula in in 

the Et;.l sec. 19, T. - 0 !\". , H. J5 W ., at an altitud of a round 0 feet. The 
ilorizon is the tB iack Ledge in the P owell. 'l'h e cle,· I pments ·ompri:::e a 
chann el cut, abou t 100 feet long, passing- into a :..5-foot tunnel nt th rear 
end. The ore cons i.-ts of red-I.Jrown ja ·k (grading into IJl ack ). a nd gmy 
crystalli n ca rbonate, w hich occur in som of the irregular q ua rtz-lin d 
po ket · that are so ai.Jundant at this loca lity. Th quart·z c r~·s tal · may be 
a . IUJ'"'e as a quarter of nn inch, !.J ut are gen <> rally much ~mn ll e r. Calc it l' 
i a minor con -t it uent of the clru e;:, ancl malachite occu rs in trac . generally 
as a stai n in pa t·tJ~· nit red jack. :\luch of the drusy quar tz i und erlain by 
a rim of ·hNt. Thi - is a 1·ery low-grade prospect of littl e Yalm•. 

Lo-st Bel/ .-De,·elopmeni~ !Jere ·on.- i;;t of a ~<h aft .-u nk on a low island in 
Wildcat r<'ek. in the NWIJ.I Elj.l ·ec . 2'7, T. 20 N., R. lG W. The ;~ Jti tude 

of' the col lar is 695 feet , whi ·11 i.- uhout 70 fe t I e low t he top 1' t he otter 
clolom ile. 'l'he o re occur~ in both fine- and m dium-!!rnin!'tl clo lom ite. t he latter 
contain in ;.r IJl ue-gra.v chert. ' l'he ore m 't rat is jack, w hich ll[lP<'<ll'~ a· ~nwll 
( m aximum one-qu arte r inch, a,· J'age une-:sixteentll inch) but gene ntll .'' w 11-
form d c l ar c ry.-ta l.- in rncks in the do lom it and ·b r t. :\lost of tlle ja ck 

r osin- olorecl. !.Jut .-ome in the ·oat" r -grained dolomite i · ruby jack. Th e 
gangue mineral i ca l ·ite, which may or may no t I.Je pre -ent. orne of t he 
medium-grain d dolomit c·n t'l'i e.- cr ,,·:;ta llin . q u:11'1'z (o ne-.- ix teenth to one-eighth 
inch ) in ma ll soluti on vugs. but thi rock i>< not mineral iz <1 unci may 
com f rom a diffe rent level thnn the ore-ben rill "' ro ·k. 

Cfrcenliom.-'l'he dc \'l: lopnrents on thb prop r t,,· cons ist of a ·eri c of small 
open pit. and s hafts.- ·atte red OYer a length of se,·e ral hun u r d feet around the 
poin t of the gent ly ;:loping ridge lJ't \\'ecn S is te r and dar r k ' (tll lat­
t r a tributar~· of Jimmie r ck) , in th :t\ l/,e NW 1J, ~ec . 26. T . 20 N ., R. 16 W. 
Th e a 1 t i tude is a round , ' :; feet. The pro.-pe<:t i>< in t he '11 :tack Ledge in the 
P owell do lomite. ~'he ore is oo ra y ('a r bo na te wi t h . omc r s illun l r s in jack. 
The ca rbonate o ·curs both a s the honeycomb t ,\' pe and a l. o a s ,·mooth c ry ta l­
line cru "ts. Wine cl rus.v qua r tz underli e. ,;ome of l he ·ari.Jonn te, aut! a li ttle 
malach ite o ·cu r . !Je re a nd th ere a s . peck.- in IJ iat;k ·arbonnte. a lr i te is 
also a ·so iat d with t he ore, though a 111inor con t i t uent. 
Rfn~nd illollnta i u.- This pro:'lr)(?cl is a sm all ope n cu t in t he t 131 ack Ledg of 

th Powe ll , in the \' e ry h nd of a hollow tributary to Wildcat 'r ek, in the 
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1f.z ec. 22, T. 20 N., R. 16 \\. The altltnd i about 35 f t. Th or i 
mixed ro in and black jnck and oc ·ur · in pockets in the dolomit without the 
<n ual dru y quartz a iation. om of th jnck i alter cl to blnclc carbonate, 
~·hich is con iderably green- tained fr m the pre ence in ~tua ll amounts of the 

.copper carbonate, malachite. 'l'h pro pect is not a v t•y prom! in"' one. 
Big ta1·.-This prospect i on a left h adwater t ributary of Wildcat ' r ek in 

.the SW~ ec. 22, T. 20 N., R. 16 W. The ore is found in the tB in k Ledge of 
the Powell dolomit at an n lti tude of 60 feet. The development ron ist of 
an open cut in the bed of the creek, 200 fe t long, 15 feet wide, at'd 10 f et d p 
r.t the back, a nd a :haft on the ea t id of the hollow about 15 fe t above 
the bed of the cr ek. Tlli ~lla ft r ache water at th level of the cr ek bed, 
.bcl w whicll it is reportecl to ex tend 30 to 3- feet farth r . The ore i mixed 
ro in and black j a ·k, in pln e with ome ruby j nck, which tend to appear In 
·well-formed cry ·ta l . The jack occu1·s in pockets in the dolomit , associa ted 
vith fine dru y quartz. In place it ha a border of chert along the lower side. 

Where the jack i ~ deY loped in well -formed crystal , the e commonly sllow 
minute cry. ta l of cha lcomTite on their urfaces. nlcite i a minor con­
stituent of the ore-bearing pocket . Very little alteration of the jack to car­
bonate ha taken place, a the ore-bea ring bed lie:S below wat r level. 

There was formerly a small mill on thi property, and orne ore wa mill ed 
-out. but no record is available of the amount. The chief handicap of the mine 
js the spotty distribution of the ore within the ledge. 

BIG MU IC CREEK' ISTER CREEK DISTRICT 

The depo its lying within the drainage area of Big Mu ic and 
Sister Creek and a few pro pect alonO' the '\iVhite Riv r east of Pine 
Mountain occur in Everton dolomite, in the t Black Ledge of the 
Powell dolomite and in the Cotter dolomite. The ores are chiefly 
.zinc carbonate, wi.th some jack and galena. The di trict has pro­
.duced probably not more than 250 tons of concentrate , mo t of which 
-came from the deposit in the t Black Ledge. 

Mm·ble Falls.- Th" · pro pect is in the ' WlfL.'E1,4 ec. 27, T . 20 ., R. 17 W., 
in the beo of one fork of Big 1u ic reek, at an altitude of about 930 feet. 
'The original working consis ted of a haft and a rather ·mall open cut, but 
>both hn\·e b en largely filled wi th stream gravel and mi.1d. Th or ·bearing 
bed i a coarse gray dolomite about 3 or 4 feet thic.k, who. e -ho rizon i in the 
.Everton fo11nation, 35 feet aboYe it ba e and 35 feet below the t. Joe. The 
·Ore showing on the dump i mixed rosin and blac.k jack, in ma e a mn ·h as 
.3 or 4 inches acros . It is reported that a large ma · of black j nck, weighing 
11bout a ton, was take~ from this pro pect and shipped to the World 's Fair in 
.St. Louis in 19M. Some of the masse showing on the dump are macle up of 
single cry tals, as shown by the cleavage of the minet·al. The jack is accom­
panied in plaee:S by a little fine dolomite spar, the ize of a pinhead. ome 
.slight alteration to brown! ·h s ilicate bas taken place. 

McOt·egor.-This pro pect i in sec. 23, 'l'. 20 ~ .• R 17 W., on the outhca t 
.side of a ·pu r ridge between two prong of Big Mu ic Ore k, at an altitude 
·Of 930 feet. The horizon is 30 f et above U1e baSe of the Everton formation, 
which is here 55 feet thick. The working is a drift 1 0 f eet long. The ore i 
galena, origi11ally developed along an ob cure dis ontiouous fracture in a flne­
,grained gray dolomite. The ctolomite bas been s ilicified along thi · fractnre ,._ 
near the front of the drift. Weathering along the fracture produced a clay 
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1!IIi ng, the li mit. of which commonly form the natural walls of the drift. 
'The clay contain rounded decompo ed pebbles of Boone chert, which have 
been let tlown at lea t 50 or 60 feet. The only ore observed in the drift was 
an ag"lomeration, 3 to 4 inche across, of poorly formed galena cry tals, the 
ind ividual ube averaging an inch or ·o in diamete t·. Thi mass wa embedded 
in clay, and it is probable that most of the ore taken out was a l o in clay, 
although a little ore on the dump i in cher t. Th is chert may represent a 
silicification of the dolomite, but it may have come from the sil icification of 
"ome of th lime tone which li s ju t above the ore-bea r ing bed and which 
may have b eo r acb d in . orne of the higher . topes in the drift. The pro. pect 
.appears to be completely worked out. 

Big 'addl .-Thi pro pect is near the top of a high hill east of and over­
looking Bi "" Music Creek, proba bly in the SE~ sec. 13, T. 20 N., R. 17 W., 
at an altitude of about 940 f et. 'l'he working i a traight tunnel, 50 feet Ion", 
in the tBlack Ledge in the Powell dolomite. Thi ledge is fu ll of solution 
pock ts lined with tine dru y quartz and carrie the ore either in the e pockets 
or in imilar pocket that do not have a quartz lining. The original ore wa 

a red-brown jack, inclining to ruby, but most of i t ha been altered to black 
and ""ray carbonate. All the re. idua l jack ha a thick coat of carbonate. 

halcopy rite i. r ather m re abundant than usual as mall bleb embedded in 
the jack; on oxidation it i. on> rted to malachite. orne gre ni h-gray bert 
iills mu ll crack in the dolomite. Thi mine ha sold eveml ton of free 
ore, mo t ly ca rbonate, and 3 or 4 ton of mark table ore. till li on the dump. 

Houch:.-Thi property i · nea r th end of a long spur running we t from 
John Benton' hou e, b I ween Dry :\1usic reek and a tributary of Big Mu ic 

•·eek. pt·obnbly in the NW~ · c. 1 , T. 2(1 N., R. 16 W. T he altitude is around 
lllO f1 t. The d(•\·l'loplll l'n: · nnsi. t of on shall ow shaft and a eri s of . mall 
opeu ·u ts tha t xtend for 700 fe t along the nor th .·id of tit~ rid e nea r the 
top ; a! . o tw or thr·e ma ller open cut at the arne horizon just aero the 
riclg on the outh f: id . Another ut hn been op ned at th .·Rme horizon on 
th no of th spur, about 1, 00 fe t farthe t· we. t. The ore zone i the 
tB iack Led~e in the Pow II dolomit . It contain abundant olutioo poe!; t , 
mo t of wh ich are lined with fine cl ru r quar tz. 'l'he ore occur in c rtain 
()[ t.h pocket., but in many of them without the quartz li ning. It consist 
or reddish-brown jack, partly ulter u to grny cry stalline or honeycomb carbon­
ate. F in grain.· of chal copyrite a r cmb tld d in the jack. There i a little 
gr cnlsh-grny ch rt in veinlet. in th dolomit , many of them horizontal 
vel nl ct wi th flu clrusy quartz nt the top. About 60 tons of the ca rbonate, 
hand-pick cl, ha be u hipp c1 from thi · property. 

ompouncl.-~'hl mine i on the we t ide of the long ridge I adiug north 
to Pine Mounta in, in the W~ W~ or the NW~ Wl.4 ec. 9, T. 20 N., 
R 16 W., at an altitude of about 950 feet, in the tBJnck Led e of the Powell 
dolomltr. The opening is a two-pron 'eel tunnel. The right prong i caved 
but is r port d to be 150 f t long; the left prong "Oe in about 60 feet. The 
country rock contain numerou solution pock t lined with fine clru y quartz. 
The ore is chiefly bla k jack with a li ttle intermixed ro in jack nncl occut-s iu 
the· di onnect c1 pockets in rna s a much a a foot aero . orne of it 
hns been fl it reel to cry ta.lline carbonate and illcate. Malachite tnins how 
In a few pia e , noel white cn lcite fill certain quartz dru es. A little gypsum 
is n oclatecl with orne of the black ca rbonate. A peculiar trao lucent to 
opaqu greenish-gray to whi t! h chert completely fills some of tbe quartz dru es 
or fOt"Ill rna se directly in contact with the dolomite without a clrusy-quartz 
border. It mlly In turn have cl ru y quartz lin ing cracks in it. Certain ir-

69371- 35--19 
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regular rna es of this chert are 3 to 4 feet aero and contain a little dis­
seminated j ack; feldspar (aclulatia) is a microscopic constituent. Much of this 
chert is iron- tained in plotche , probably derived from pyz·it , and clumps of 
flue pyrite cubes are embedded in the country-rock dolomite. 

'£hi mine is reported to have produced about 70 tons of free jack before 
1907. There wa a l o con iderable mixed jack and ca rbonate produced in 
1915 and 1916. 

K eystone.-Thi pro pect i on the oppo ite (east) ide of the ridge from 
the ompound, in the E"'h iVl4 sec. 9, T. 20 N., R. 16 W., at an a ltitude of 
about 9 0 feet. '£he horizon i omewhere in the Powell dolomite but is not 
exactly determinable on account of poor xpo ure . The workings consist of 
two or thr e oltl-time open cut nnd a batt, 1 ng sin caved, all in a rath r 
fin e gra:ned dolomite. 'Vhat lit tle ore r mains exposed is gray cr~ taliine and 
honeycomb carbonate and black ja k, the latt r in pocket a !urge a 
inches. Some calcite and fine dw ·y quartz are a ociat d with the ore, and a 
little chert occur in places bot·d ring i t. 

TVatson.-Thi property lie aero a r i lg outh of tbe ompound , in the 
EVzSW ~ sec. , T. 20 N., R. 16 W. The working i a tunnel p netrating for 
about 50 feet into tbe tBlack Lecl""e of the Powell dolomite, at an altitude of 
about 940 feet. The ore rock i fine to medium grained dolomite, containing 
numerou ·ma II olu tion pockets lined with drusy qua t·tz. The original ore 
was jack, now largely a ltered to arbonate, which i ac ompanied by traces of 
malachite and azurite. Thi prospect i · of too low grade to hold much 
promise. 

Booth.- Thi mine i ' in the 'W l4 . 16, T. 20 ., R . 16 W., about halfway 
up the slope of a point between two prong of Si ter r ek, at an nltitude of 
890 feet, on a rna ·ive 10-foot bed, the tB lack Ledg , that lies In the Powell 
dolomite 50 feet above the ba e. Mo t of the ore appear to have come from a 
zone 3 or 4 feet thick in the lower ltalf of thi ledge. The ore-b aring rock i 
somewhat coar er grained than the rest of the P owell but is till to be classed 
a a rather fine grained dolomite. It i full of small solution caviti s. The 
tructure showing within the mine is gently undulating, but there is no break. 
Fractur~ running uniformly N. 10• W. occur throughout the mine, bu t they are 
tight and show no relation to the ore. The op ning is a tunnel which passes 
immediately into a large but low-celled room, about 200 feet in diameter, with 
numerous pillars at irregular intervals. 

The ore minerals are jack and predominant zinc ca rbonate. The jack Is 
mb::ed ro in and black jack and appears in irr~ular '};locket in the dolomit . 
'l'be carbonate is dominantly of a gray honeycomb type formed from jack e en­
tinily in place. The "angue mineral a r ca lcite, fin e drusy quartz, and, where 
the jack Ita · weathered out, g~·psum. A Yery little malachite i present, eithet· 
included in partly altered jack or l ·e emb ddecl in calcite along it border with 
the country roclc Fine-grained dolomite spar i rather rare. 

Tltere i very li ttle ore left in the tunnel. Thi mine is of rather low grade 
owing to the haphazard di tribution of the ore in isolated pockets, neces itating 
the working of a large amount of rock to get it. There was formerly a mill on 
the main fork of Sister Creek below the mine. The mine produced about 100 
tons of carbonate concentrates, ave t·aging 44 percent of :r.inc . 

.I>'1·ost.-This lead prospect is at the top of the right bluff of the White River 
in the fractional NEJ1,4 of sec. 2, T. 20 ., R. 16 W., at an altitude of 745 feet. 
Most of the development work has cousi ted in the blasting away of the face 
of the steep bluff so that the results are not conspicuou . The horizon i j.u 
the Cotter dolomite, perhaps 150 feet below its top. Lead has been found in 
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four different beds. The lowest one, 2 to 7 feet thick, is a fine·gr.aiued gray 
dolomite about 50 feet below the top of the blufl'. Although little ore is eJ~.'l)o ed 
in this bed, it Is reported to be the richest of the four. Bed 2 is 2 feet thick 
and lies about 30 feet above bed 1; it is a lso a fiue·grained gray dolomite. Bed 
3, 4 feet thick, lies at the top of the blufl', 8 feet above bed 2. It is a banded 
light and d.ark gray Cotter flint, its lower part being a silicified oolite. Most of 
the ore showing at present is in this bed. The fourth and top bed is several 
feet above the third and is known only from the material taken from Mr. Frost's 
cistern, which lies 200 to 300 feet back from the rim of the blufl'. This bed 
is a coarse blue-gray dolomite. 

The ore in each of these beds is galena and occur in thin vein , more com. 
monly parallel to the bedding than otherwise. A little calcite is associated 
with the lead on the three lower levels, and dru y quartz in n -inch l!rystals 
occurs on the lowe t one, though generally in different pockets from those con­
taining ore. The lowest bed is more shattered and porous than the others, but 
the e features are too much dispersed through the bed to produce any concen­
tration of the ore. 

Tile Frost pro pect i , on the whole, of too low grade to be of any commercial 
importance. According to Will Frost, lead occurs along the blufl' both. up­
stream and downstream from it, but the showing is even less promising, nor 
bas there el ewhere been as much development work done as at the Frost. 

Hoffm;a.n.-This claim is about 1 mile west and a quarter of a mile south 
from the Frost claim, near the bead of a small hollow that drains south to 
Gunnel Fork of Sister Creek. It is developed by a hallow open cut in the 
Cotter dolomite at an altitude of 710 feet, about 200 feet below the top of tl;le 
formation. The ore i gal na, a o ia t c1 with a li ttle ca lcite, in veinlets and 

mall pocket in the dark- olored "cotton rock ", which canies a little gray 
chert. 

Dm·ham.-The Durham claim i about 300 feet north of the Hoffman and 
10 feet higher. '.rhe developments con ist of a shaft, 20 feet to the present 
water level, and an old tunnel that goe in 30 or -:10 feet in drab "cotton rock." 
There is no ore showing. 

BAXTER CO NTY 

With the exception of the Annie May and Michigan deposits, 
which are developed in Everton dolomite and which resemble the 
depo its in adjacent portions · of Marion County, the deposits in 
Baxter County all occur in the Cotter dolomite. The production 
from the county has been small. The ores have been zinc carbonate, 
with some jack and lead sulphide. 

Shi1·as.-Tbe e opening , also known as the Bal,er diggings, are tunnels in 
tb steep hill ·ide on the left ide of the White River, in the fractiona l W% 
ec. 1, T . 19 ., R. 15 W. The a ltitude is around 730 feet, about 2 0 feet above 

the level of the river. The main tunnel is 5 feet or so high and 10 feet in 
maximum width and goes 120 fe t into the hill. The country rock is fi.ne- and 
medium-grained Cotter dolomite. 'Ihe medium-grained type overlies the finer· 
grained type and apparently carried all the original ore. To judge from the 
occurrence of ore in clay pockets above the roof of the tunnel within the mine, 
it appears that this medium-grained dolomite carries ore above the plane of 
the tunnel. It contains a considerable amo\lnt of dark-gray chert, which is 
lacking in the finer-grained material. Weathering bas been very deep at this 
mine, with the re. ult that, within the tunnel, str etche of ha rd rock alternate 
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with tretcbe of r d residua l clay. The or , which i galena, o ur. n>< Iar,l!e 
crystalline ma es in t he clay and pt·obnbly a l o in the hard-rock st ret be .. 
Some of the ore in clo y ba cru t of fine dru. y quartz attached to it, indi-

cating that the original ore wn d velop lin quartz-lined pock ts In th dolomite. 
Ore also appears in quartz dru " witltin the flint nodul . A littl ern. ite 
and wulfenite have formed as oxidntion product on the urfac of ome of the 
galena masses in the clay. Owing to the . lumpaae indue cl by w ath riug, the 
rock in the mine bow a degree of distut·bance that ·ugge t. fault brecciation. 
but a careful tracing of key bet!. doe not bear this out. 

Ont ide of the main tunnel open-cut workin"' that extend west (up trenm) 
from the portal for 100 f et or ·o ha;e proclucecl ome ore. Beyond this, 
for 200 feet , two or three mor open cuts have been made but have ap[ arently 
yielded little or no ore. 

The production of thi · property during th war period amoun ted to sev raJ 
tons, but the exact amount wa not a certain d. 

Ceuar Ga7J.- Thi · i. au olcl·time pro 11e t n ar the head of a tributary to 
Bruce Cre k , in the NW14 \V lf.J. .· c. 31, T . 20 N., R. 14 W., at an altitude of 
about 735 f t. The ore zoo i in the otter dolomite and cov t'S an i.nter;al 
of 20 feet or more, being developed at differ nt le,·els In different cut . A 
fairly persi tent gray and whi te banded nodular ch rt in medium-grained 
dolomite about 3 feet thick form a convenient reference b d. In the outh­
ernmost working (an open cut 40 feet into the hill , 10 feet wide, and 15 feet 
deep at the back) mo t of t he ore occur · in a zone 4 to 5 feet thick ov rlying 
the chert bed. Thi is in n fin grained gray dolomite, but in place.· the 
texture grade~ toward medium g rain. A little ore occur in th ch rt bed in 
th is cut. In the remaining opening , which extend aloug the hill lope to the 
north for about 200 feet, the or com below the cher t b cl to a maximum 
eli tance of 15 fe t and i of considerably low r grade. The large t of the e 
open ing!' i a t unnel about 50 feet from the open cut de ·cribed above, a ncl is 
driven 30 or 40 feet into bard rock at a horizon about 15 feet below the chert 
bed. :Mo t of the remaining working are . mall open cut . 

The primary ore i a mixed rosin and black jack, gradin"' in plac toward 
dark ruby jack. Cer tain patches of j ack are as much a s a foot aero . The 
redder pha e occur in mall irr gular patche but not in dru y cry tal a 

common elsewhere. ome "ray and fi e h-colored CI'Y talline carbonate i · 
present. 

Sorrel.-Thi pro ·pect is on the head of a branch tributary to Bruc r k 
in the N\Vl4 W 1,4 sec. 31, T. 20 N., R. 14 W., at an altitude of about 700 feet. 
An open cut in the otter dolomit , 0 feet long 10 feet wide, and 10 feet 
deep, paSI es at the back end into a drift of unc rtain length, as it i now 
caved. The wa ll rock is medium to rather fine grained gray dolomite con­
taining gray a nd whiti h banded chet·t nodule . A small amount of crystalline 
carbonate is pre ent. In and n a r the becl of th branch a short di ·ta nce 
above the on:el cut a little galena and ruby jack occut·, the latter appearing 
as small crystals in dru es. 
, St1·atton.-Thi pro pect i at McCracken pring, at the head of another 
pron of Bruce 'reek, in the sa~e 40-acre tract as the Sonel. Onl y a round 
or two of shots have been mncle in and near the bed of the branch, revealing 
a small amount of j ack. The ore-bearing rock is medium-grained dolomite 
that conta ins a considerable amount of banded gray an(] white chert. 

H<UOke?Je.-This is an open cut, 6 or 7 feet deep and 30 feet in diameter, on 
the point between two small branches of Bruce r eek, in the SE14 ·w14 ..,._ 
aec. 31, T. 20 ., R. 14 W., at an altitude of about 680 f eet. The ore is a 
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cry ·ta lline gray ca rbonate and occurs in a fine-gi·aineLl gmy dolomite below 
a 2-foot ledg of gray and whitish cher t, in the Cotter dolomi t . 

Big John.-Thi pro pect is on the t·ight hill slope of a tributary to Bruce 
reek in the W J.4NWJ.4 sec. 5, T. 19 ' ., R. 14 w., at an altitude of ab<>ut 

675 feet. The developments con ist of a barren tunnel driven for 50 feet into 
a fine- to medium-gi·ained dolomite and a sha llow open cut running about 100 
f et we t of the I ortn l of the tunnel along the contour of the hill, roughly at 
r ight angle· to the tunnel. The pre ent expo ur indicate that the minera l­
iza tion follow cl a fracture along the line of thi open cut. The ore miJlerals 
a re carbonate ancl jack. 'l'he ca rbonate i chiefly crystall ine gray and fie h 
colored, but orne i. the yellow variety (turkey fat), and a little of it is coral­
pink ana finel y botryoidal. A trace of rnalachite occur. in black carbonate. 
Th jack, of which nly a li ttle remain , i. ·omewhat redder than u ual. The 
ore fill era ·k in the dolomite. A socifltcd with the ore a re numerous drusy 
cavitie lined with qurutz in fa - to 14-inch cry ·tal·, and ·ome of the e a\ritie 
may contai.t1 cry ta lline ca rbona te. Other cav itie contain a parse a mount 
of pink par, in ill- to ~-inch ·ry taL un<lerlyin"' carbonate. A little g1·ay 
chert, containing embedded jack, i: pre ·eut in a few of the mor hea vHy 
min rnlized crack of irre"nlar . hape. 

Morgan.-Thi prosr ect lie · ju t ea. t of the high1Yay between Moun tain 
Home and Three Brother_, itber in th K'V1J1 XW 1;.'\ sec. H or the NE14 El4 
sec. 15, T. 20 N., R. 14 W., at an altitu<le of nbout 960 f et. Tile development­
t onsist of a IJaft, now in part ca,-ed but probably 20 to 30 feet d ep originally, 
noel n tong trench 5 feet deep I acl iug back to the shaft. The op niug are 
on a ;;oil-cover cl fla t wher there are no natura I rock exposure . The rock 
expo:;etl in the cut au 1 on the dump of the :haf i;.: fin e-grai ned gray Cotter 
dolomite. The ore i gray ry talline carbonate and o cur a a f!Uing of rather 
wid ly 1 acetl ·rnck · in the dolomite. It i r ported that a li ttle galena wa 
nl o found h r . A few ton · of nrbonate ba b en market d from this 
pro>:p ct. 

Balli Dove.-Th knob about 7 mile: northwe t of Mountain Home. known 
n · Bald Dave, i · report d to hav bowing of both lend and zinc all around 
it. Tbc greate t concentration of mineral tha t ha been revealed by pro pect­
ing is at th we. t nd of the knob, on the head of a ;.:mall branch that drains 

· northea .- twar<l to Pigeon reck, in th E 14 Wl/t ec. 11, T . 20 ., R. 14 vV ., 
at an altltud of about 970 feet. The ore i in a fin e-grained gra y dolomite 
in th ott r fo rmation. 

An <>pen ut 40 f et long and fe t deep at the back . ide pa. e into a 
, mall-bo re tunnel that pen trnt fo r 50 or 60 f et farther in to th gently 
s loping hill. A ~e ·oncl open cu t begin. at the am place n the fir t one 
but hea r · off at an au I , to it. 'Vberc the e two t rencbe join , a haft wa 
·unk. Although the walls of the tunnel and trenches are barren totlay, it is 
r po r t t1 that a ll the working prod uced . om ore. 

Til ore on th du111p uea r the Rhaft i. chief1y gray a;nd fi e h-colored car­
bonntc Ancl o ·curs as cn1ck fi lli ng . Mo. t of thi carbonate i: in the form 
o( a rysta lli ne film Unin~ tbe ·raclc, but ome of it i s in rather thi ·k 
honeycomb mas. e . omc of the ore-bearing dolomite was shattered to a 
])r(•C<'iH bef< rc the or wns c1epo. itecl , but as the beclc1ing of the re ulting frag­
IIH'nt.· c>lllllot I.e cl t•tcnuiuccl it i. uncertaiu wbctller RliCh ma ses r present 
true bre ·cia or imply a more int ns .:battering in pia<: . A I it t! rather 
clark colo! ed j ack hn · b en pr served , a nti it i r po rted that this pro. pect 
<;on tnins a litll ga lena. Some oi: the jack i · bor<lered by a thin film of 
limonite, eYideutly a lter ed in pla e from pyrite. 



288 ZI NC AND L EAD DEPOSITS OF NI)RTRERN ARKANSAS 

Hawkeye.- 'rlli prospect i on the left h ill lope ab ove Bu ·k Branch, in the 
SE1,4SE"Y.I, ec. 36, T . 21 N., R. 13 W. , at a n a ltitude f :noun l 700 fe t . The 
ore-bea ri ug rock i · a fin -"T::tiued gray dolomite in the otter , probably ncar the 
top of the for mation. It contain noray nodulil r ch<>lt nod i OYerlain by a more 
cherty b d, 2 to 3 f et thick, in which the ch r t i. more or le banded in 
!'hades of li "ht and dark gray. 

The ore is chiefl y a cry ta ll ine (bot.ryoitln l ) zinc carl nat in va r~·in" had .· 
of gray, fie h-color , and ( les · commonly) brownish. It oc ·u r:s in pncl; t in 
the dolomite, mo t of th m I.J •ing lined fi1·st with drusy qu:ut~r. . H r nnd 
there a ma of the or igina l black jack 3 or 4 inche in maximum . izr mny 
be pr erved, bu t tbi i the exception. Besid being lllb clded in the dolomite, 
the ja ·k nl o occur· direcll.r in U1e ·bert. • ome oC the jack in <lolomit 
border d by a fin line of pyrite. 

The devclopmcJJ I!< cou,i :.; t of H· ,·entl .·hall ow opt·u cui:.; • ,,·c r n:1 a rca nbnut 
200 feet in diamete r. i\lo:st of th or ha IJ n taken fru111 n . iugl trench, 200 
feet long. 10 feet witle, ami 10 feet d ep, that bear K. 60° W., u"'gesting that 
the ore ha been con ·ent rnted along a fra cture. 

H11l nbecl.:.-Thc HulscHbeCk pro~pect l i s nt the head f n smnll rur!He 
in the NE1,4SE1,4 ec .... 6, T. 21 -., R 13 \Y., at an altiLude of about 700 fee t. 
The devel opment · c<:n.· is t of nu open cu t, 25 feet long, 15 fc t wide, and 15 
feet deep, connected with another one in the cr k bed about 20 f ct in diam t r 
and not qu ite o deep. Th ore-bearing ro ·k i u fine-grained gray dolomite 
in the Cotter formation, probably ncar the top. It contains a little nodular 
cher t. The or con>:i. t of black j<lck and gray rr tall ine ca rbonate, which 
occu r in crack· and pocket.· in the dolomite. Some of the ja k rna es are as 
much a. a foot in . ize. A very : ubord i11ate amount of ga l na is pre ent. 
The ore mineral:-; :! re iu many places epa rated f rom the country r ock by a 
film of dru y quartz. Much of the jack expo eel in the side of the cu t i 
iron- tained from the w ath r ing of a o ia ted pyrite. A few tons of ore h ave 
been shipped from th i pro pect, but the exact amount wa · not a certa in d. 

B ewn.-T hi prope1·ty includ fiye or six small pro pects xtendin"' for a 
quarter of a mile alonJ{ a definite horizon ju ·t b low th brow f the bluff on 
the lef t side of the :\orth l•'o rk of the W hite River in the -w 1,4 E1,4 cc. 22, 
'1' . 21 r· ., R. 12 W. The bluff i h r nbout 250 r et high. The ,,·orkin"' are 
short tunnel · that go fair! ~· .·t rai~ht into the hill, th Ionge ·t one bein ..,. about 
50 feet in length. The ore b d i a medi um- to fine-gra ined porou · l.lolomite, 
6 to 7 feet th ick, in the otter, p robably near the top of the fo rm ation. I n 
the tower 4 feet i t conta in con iderabte wh ite to gray chert 1u irregular blebs, 
ancl it is o,·erlaiu, at lea t in the nor th a t drift , ])~· 1 to 2 feet of coarse 
gray dolomite. 'l'bc bedding i practically hori zonta l. T he ore zon i broken 
by a system of e.·sentia ll y Yertical fract ur .· t hat t rike about S. 60° I ., and 
the alinement of the tunn I. a long the e fracture . ugge t · that they mar 
have sen •ed a. si tes for minera lization, although ore may appear in pockets 
15 feet from the fractu re . 

The chief ore mineral i · gray ca rbonate, but a little residual black jaC'It 
is pre. ent, e~pec ially in the floo rs of the t unnel . The ore occurs to some 
extent in bedding seams bu t more generally In pockets in t he dolomite and 
ftint. One chunk of ca rbona te i · reported to have weighed 50 pounds. Appa r­
entl y the origina l jack was nt o il1 rather la rge pocket: ·. Cer ta in of the 
tunnels .·how a littl e malachi te, reported to reach the size of qua il eggs, 
a .. ·ociatecl with black carbonate o f zinc. A very ma ll amoun t of pyrite was 
noted in u.e nor theast tunnel a long the border between the jack a ncl dolomite 

A few tons of carbonate ore has been marketed from this mine. 
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Comme,·cia l .-Thi pro pect is on a gentle s lope near the bead of a flat hollow 

in tile XW*SE* sec. 2-, T. 19 ·., R. 14 W., at an altitude of about 750 
feet. The developments con i t of a haft, originally 40 f et de p but now 
largely filled , and an open cut, 10 feet deep and 50 feet long, sloping in to 
the shaft f rom the south. The rock is fine- to medium-grained Cotter dolomite 
that carrie some chert as small nodules. The ore i black and ro in jack 
.and occurs in cracks in the dolomite. Some of the ore ma ses are bordered b:v 
dru Y quartz, but mo t of the jack is embedded directly in the dolomite. A 
little malachite hows in the mall amount of black ca rbonate that has been 
for med by alteration from the jack. 

CincinJUtfi.-The Cincinnati pr spect i an old-time hallow shaft in a level 
pasture about a quarter of a mile south of and aero s the hollow from the 
<Jommerclal. It lie at the ame altitude. There are no outcrops in the near 
vicinity, bu t the rock exposed on the dump of t11e baft i fine-grained Cotter 
dolomi te, ca rrying mixed ro in and blacl' jack in pockets and in hatter cracks. 
Some and, mixed with a large proportion of dolomitic material, ha filtered 
into the cracl' in additi on to the ore. Some of the jack is bordered by a drusy 
crust of ratber fine-grain d qua r tz, but much of it lie di rectly aga inst the 
dolomite. Flesh-colored and gray rysta lline ca rbonate are mi nor altera tion 
products . 

.Michigan.-With the exception of the Annie May, the Michigan mine is the 
only one examined in Baxter County that is not in the Cotter formation. It 
i in the Everton formation and is the most promising prospect in the county. 
It i in the W lhNE1,4 and the 1\TE1,4 W~ sec. 1, T. 17 N., R. 14 W., about 1 
mile nor th of Buffalo station on the Missouri Pacific Railroad, across a divide. 
It li e· at a n altitude of about 650 feet on the head of a steep draw that drains 
wc.·tward to the White River, less than a mile away. The horizon is about 50 
feet nbove U1e base of the Ever ton formation. The bed here dip gently to 
the • uth, o that at Buffalo station the base of the Everton is about 100 feet 
lower than it i at the mine. 

The de\·elopments con i t of everal open cuts, the largest of which is 70 or 
0 f ct long, 20 feet wide, and about 15 feet deep at the back end. From the 

rea r or this cut a tunnel goes into the hill about 60 feet farther ; 20 feet 
from Its portal there is a short drift to the left. 
· The ore bed is about 7 feet of fine-grained dark-gray dolomite, overlain by 
10 feet of barren s ilicified limestone, rather thin bedded. In certain blocks 
on the dump the texture of the ore-bearing dolomite becomes somewhat coarser, 
but some of this rock hows a banding of residual limestone or of chert parallel 
to the b dding, nggestlng that it was developed directly from limestone 
without hn "l" ing pas ed through the flue-grained dolomite stage. A large amount 
of lime tone occurs in the section both above and below the ore bed. but the im­
.medlately underlying roclc for several feet is fine- and medium-grained dolomite. 

The or i in places very rich but spotty in distlibution. That exposed on 
the left wall nea r the portal consists of a high-grade rosin jack witb a little 
darker-colored jack sprinkled through, associated with pink spar in thin veins. 
A mino r amount of brecciation preceded ore deposition. Minute crystals of 
·chalcopyrite or malachite occur on the jack crystals. Certain of tile open druses 
contain globules of black bitumen. Fine drusy quartz is common as a crack 
li ning, unci ca lcite npp ars in a few place on top of the other druse-forming 
minerals. The dolomite in places contains veinlets of dark chert carrying dis­
seminated jack. Here and there the casts of disseminated jack appear in the 
lower 1 to 4 feet of the normally barren chert overlying the main ore zone, 
t>ut no oro has been preserved at this higher level. 
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The mine as a whole how a prominent development of red clay, both at 
the ore horizon and in th overlying chert. In these clay zone the ore was 
undoubtedly carbonate, orne of which still remain . Some of th carbonate 
on the dump ie in the form of fine cora l rod , and orne occur as p: udomorphs 
after pink par. 

Annie May.-Thi mine i in Baxter County, probably in ec. 6, T. 17 ., R. 
13 W. It lies on tbe right side of a hort hollow that drain. the north . lope 
of the Leatherwood Iountain , at an altitude of 630 f et. The opening i a 
cut, 50 f ct long, 25 feet wide, and 5 f et deep, on gently sloping ground at th 
top of the te per part of the hollO\Y. The ore-bearing rock is a medium-grained 
dolomite with a little and tone. orne ilicification accompanied ore depo i­
tion, producing ch rt in the dolomit and quartzite in the sand tone. The 
original min ralization produc cl jack and pink par in irregular cro cutting 
v in , but mu h of the jack ha.· heen altered to gray crystallin~ carbonate, which 
may appear in part a a coatin::; over the pink par. A trace of halcopyrite 
accompanie the primary ore. The r emain of a mall mill are till on the 
prop tty, but the production ha b en mall. 

HARP AND LA WRE E CO NTIES 

The ore depo it of harp and Lawrence untie oc ur in the 
mithville formation (ac ording to E. 0. lrich an l Jo iah Brido·e) 

chiefly in hattered dolomite that i rath r fin o-rained. f w of 
the depo it are in medium-grain d dolomite or in chert that ha 
been derived from. lime ton . o fault have been r oo-nized with 
which the ore d€po ition an be orrelated alth ugh th district bas 
not been studied in as much detail a tho e farther we t, owing chiefly 
to the lack of topoo-raphic map . The eli trict doe not how as much 
relief in topoo-raphy a tho e farther we t and outcrop are much 
poorer, o that tructural detail in the Yicinity of the diff rent mine 
are not generally revealed. The working are commonly haft that 
are at pre ent inacce . ible, or el open cut that hav be n partly 
tilled with soil. Many of the depo it , however, appear to be runs 
of the ame type a · tho e that have been productive in the district 
to the we t . The ores are zinc carbonate an l jack, with a little 
lead sulphide. Stati tic on the production of the -eli trict are in­
compl te; the known production ha been about 2,000 tons of con­
centrate , much of which wa · made. before the World W ar, but the 
production for the di trict a a whole bas probably been at least twice 
this amount. The earlie t zinc minino- in the tate wa done in 
Sharp and Lawrence Counti in 1857 or 1 5 . 

Included in thi district is one small deposit in Independence· 
County that is of especial intere t in that the ore-bearing rock is 
the Joachim limestone. 

Campbell Z.imo Co.'s shaft 1.00-Shaft 1 of the ampbell Zinc Co. is in an 
abandoned quarry on the west ·icle f the Hoxie-Black Rock hlghway, .three­
quarter of a mile sou.th of tile town of. Black Rock, Lawrence Count~' · The 
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J1tgh wn.l· here follow ·· the we ·t bank of the Black River, and the top of the 
haft is about 25 feet abo1·e t he normal water urface. 

Be i nning nbout 1912, numerous pro pert drill hole in ear ·h of zinc ore 
bav been unk at and near the. haft. ome of them attained a depth of more 
than 300 feet, hut mo. t of them d id not xcc d about 150 feet. The . by -foot 
·haft, begun about 1912, was started in uch a location that one drill bol , 346 
feet deep, was in the center of the haft, another bole, abou t 300 f et deep, 
was in t·h outheast corner , and a third was a few fe t northwe t of the haft. 
After the haft had reach d a depth of 1 0 feet work wa di continued un ti l 
192-. when s inking wn re um etl. At the time of the Ia t visit (July 9, 1926) 
1t had r ach d a depth of 277 f t. It did not find ore depo it· of the same 
1·i chne s and thickne a reported in the three drill holes in the quarry. 

The rock a re1·ealed in the wall of the quarry, 2- fe t bi"'h, are ma sive 
layer of fine-grained hnrcl buff' dolomite. A hard sacchar oida l sand tone crops 
out on the hill lope nboYe expo ures of dolomite we. t and north we t of 
the shaft. The and ·tone oc urs a a bed at I a t ..:el'eral fe t thick. though 
the pur in which the quarry ha been made doe not contain any sand tone. 
To xplain the absence of the sand tone in the quarry pur, J. W. Reid, a 
mmmg ngin r of Memphi , Tenn., ha ugge ·ted that a fault runs in a 
nortl1ea . terly direction t hrouo-h a point e1·eral hundred feet we t of the quarry. 
From my brief vi it in the region, amountin"' to only 3 day , I was unable 
to draw any conclu ·ion about faults here or elsewhere, though it appears to 
me that expo ur of and tone and dolomite are too few to determine whether 
the and"tone i lenticular or is a contin uou bed cut out at places by faulting. 

The record of th haft, a~ determin d from the r ock. removed from it and 
J.:e1 t scpn rate ly on the dump by Da,·e Gilmore, the foreman, i given below. 

Record of Campbell Z·inc o.'s sha ft 1 

o t·ock!l availabl (or examination ________ __ ______ _ _ 

'Gray dolomite containing a little calcite and pink par_ 
ongl merat or breccia with minut quantitie f zinc 
blend and pink p>tr_ _________________________ _ _ 

Gray fine-grained dolomite, contalniug ome gr ni h flint ______________ ______________________ _____ ___ _ 

Feet 
0-186 

1 6-l!.l 

19 206 

200-222 
·Gray flne-gru ined dolomite__ ____ _______________ _____ 222-230 
Gray fine-grained dolomite, a little gr en hale, and 

miJlUt quantiti of calcite and pink par______ 230-24 . 5 
Gray flne-graine l , ,. ry bard dolomite iu which there 

are clark pot - - -------------------------------- 24 . 5-253. 
-Gray m dium-grain d dolomite cut by a few fractures 

along which th r l ome pink par_ _________ __ 253. 264 

Bluish light-gray dolomite. Much pink spar bu t no 
zinc blencle; a littl pyrite and a few pocket" of 
calcite______________________________ _____________ 264-272 

Dolomite, sbaly clay, and brecciated conglomerate, 
contain zinc hlende halfwny round shaft; de ribed 
fully in text below___ __ _____ __ ______ _________ ____ 272-274 

Li gh t-gray tlne-grainecl limest·one; coutnin · no zinc 
bl ude------------------------------------------- 274-277 

The ore-bearing bed lies In a nearly horizontal position and Is a brecciated 
partly dolomitlzed conglomerate which rests unconformably upon the light­
gray fine-grained lime tone. The limestone has also been dolomitized at plac.es, 
especially nea r the conglomerate. 
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The ore bed on the ea t ide of tb shaft ha a level base and runges in 
thickne s from 14 to 30 inche , thinning toward th north , but on the south 
side it range from 3 to 4 feet. 'l.'be bulk of it h rc, as on the ast ide, is 
dolomite and soft greenish earth, both of which contain loo e grains of white 
dolomite spar and horizontal layer of pink spar and calcite a much as 1 inch 
thick, though some of the veins of pink par extend downward a few inches into 
the lime tone. The ore bed as thus revealed on the outb and ea. t . ide. of the 
shaft contains a fair quantity of zinc blencle. Mr. Gilmore, who i au exp rl­
enced J oplin miner, estimates that it conta in about 7lh percent f m talllc 
zinc. 

The ore-bearing bed attains a thickness of 7 fee t on the north and w st sides 
of the shaft but contains tol) little zinc blende to be minable. The bed i a tlark 
earthy dolomite contain ing both angular and partly rounded fragm ent. of 
dolomit and light-gray lime- tone. on ·iderable pin!;: pa r is pr ent through­
out the bed. Breccialike conglomerate is foun d abOI'e the ore on both the sout h 
and east sicles of the haft but i not more than a f ot thick. 

The record of the drill bole in the middle of the shaft bowed zinc blende 
to extend continuously from a depth of 272 to 346 feet. The shaft penetrated 
the limestone underneath the blende-bearing conglomerate to a depth of 3 feet 
and found it to be barren of ore. Thi bows the drill record to be rroneous 
in part, though this may be explained by the fact that the ore-bearing bed is 
soft a nd ea y to crumble and caYe in a drill hole, cau ing it to salt the cutting 
from lower depths. It is not known how far the lime tone extend in depth, 
or whether any ore occurs below the bottom of the shaft. 

Considerable water leaks into the shaft througb the dolomite, but after the 
shaft bas been pumped out a fairly small pump can keep the water under 
control. .As the bottom of the haft i about 250 feet below the normal water 
surface of the Black River, a navigable stream only a few hundred ya rds away, 
the quantity of water entering the shaft is not great. 

Since the shaft was examined, six drill hole , the cleepe t 340 fe t ueeP. have 
been sunk at distances of 40 to 150 feet southea t, south, we t, and northwest 
of the shaft. The e holes, which were bored to determine the extent of the 
ore body explored by the shaft, indicate the existence of bodies of zinc blende 
at two levels. That at tbe lower level corresponds to the bedded or body in 
the shaf t and is r eported to have been found in four of the recent drill boles 
at depths nea rly the same a in the shaft. The ore-bearing zinc thus lies in a 
nearly horizonta l position and was found, according to report, to range in 
thickness from 5 to 17 feet. The effects of underground solution in the deeper 
zone are shown by softening of the matrb;: of tbe conglomerate in places and 
by the occurrence of open ground witb dolomite crystals in the shaft and also 
in some of the clrill hole . 

The upr er or -bearing zone, as shown by the recent drill record , lies north­
west, west, and southwest of the shaft. It is reported as being present in all 
drill holes in these directions and to range in thickness from 2 to 58.5 feet. 
It dips toward the west, as indicated by the depths at which its top was reached 
in the different drill holes. These depths range from 64 to 155 feet below the 
altitude of the mouth of the shaft, showing an inclined ore body not parallel to 
the lower one nor to the bedding of the rocks. 

CarnpbeU Z inc Co.'s shaft 2."-Shaft 2 of the Campbell Zinc Co. is a mile 
west of shaft 1, in a gently rolling wooded area where there are abundant 
exposures of dolomite. 

11 By Hugh D. Miser . 
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The shaft, 156 feet deep, was put down many years ago. Zinc ore was 

mined on the 110-foot and 156-foot levels, and a la rge concentrating mill was 
erected at the shaft. The shaft could not be entered a t the time of vi it 
(April 1926), and the mill buildiiJg bad tumbled down. Mr. J . W. Reid, a 
mining engineer of Memphis, who accompanied me to the shaft, entered it 
some years ago. He told me that the shaft followed down a vertical or nearly 
vertical fault, in consequence of which the ore bed is 60 feet lower on the 
west side of the shaft than on the east side. The ore bed i a brecciated 
dolomite and was followed eastward by a dxift on the higher level and west­
ward by a drift on the lower level. Mr. Reid carefully sampled the richer 
pa rts of the ore bed, and told me tha t the two as ays made of these samples 
gave a zinc content of 1.2 and 2.2 percen t. The ore body i thu a lean one­
in fact, about $150,000 was spen t in mining aud milling operations, and the 
production i reported to have been only 20 tons of zinc concentrates. 

The ore is chiefly zinc blende, which occurs along the fractures and betwe n 
tbe dolomite f ragments. .A. little pink pa r is as ·ocia ted with the blende. 

The do lomite both on the surface and in the workings ba a low easterly dip 
on the west side of the fa ul t, but the dip is said by l\Ir. Reid to increase to 
many degrees along a zone several feet wide adj acent to the fa ul t. This more 
steeply dipping dolomite contains secondary zinc minerals, carbonate and 
pos ·ibly silicate, to a depth of 100 feet or more below the stu·face. .A.n ou tcrop 
of dolomite 500 feet outhwest of the shaft reveals veinlet of secondary zinc 
mineral s, carbonate or silicate or both. 

Campbell Zinc Co.'s shaft 3."-Sbaft 3 of the Campbell Zinc Co. is 1 mile west 
of shaft 1, in the shallow valley of a small stream running ea t. Besides the 
shaft, which is 40 feet cl ep, seyeral drill bole n re repor ted to lln ,·e been unk 
in th e vicinity. 

The rock expo ed on the hill slopes south of the haft is f ractured dolomite 
showing " blows" of zinc carbonate, and that northwest of the shaft is sand­
stone in a bed several fee t thick. 

The shaft and drill boles are a id to have found brecciated dolomite con­
ta in ing pink spa r and pbalerite. T he drill boles a t·e r por ted to have pa sed 
through a bed of sand tone, apparently the same bed a the one on the bill 
lope to the northwe t, which dips about 20• SE. The shaft is reported to 

.have found a deposit of lead and zinc ore in the form of a fi ure running 
northea t. The face of ore as revealed in the workings is said to have been 
7 to feet high. .A. long open solution cavity many feet deep followling a joint 
or fa ult was noted in the dolomite about 100 yards outh of the shaf t. It 
has a trend of about N. 10• E. The fragments of mineralized rock on the 
wa te clumps con i t of dolomite breccia containing quantities of phalerite 
and pink spar. 

I did not 1 a rn of any production from this shaft, thou <>h there may have been 
a small one. 

M cCac£ tn·osvects."-Th ese prospects a r in the SEJ4NWJ4 ec. 15, T . 17 N., 
R. 2 w., 5% mile west of Black R ock. Work has been done here at different 
times, and some was done in 1926 by T. F. Shell and W. H. Beatty, who held 
a leas n t the t ime of vi i t (April 1926). The work wa · done as a result of the 
(l i ~ron•ry tJf pi ce. · of galena in gull ie. in the fields on Mr. McCaa's tract. The 
~; i u king of the >;hafts, the dc'llC ~-' t 2~ fe t in cltth, l ·d to the discovery of 
furth r ga lena in clay and in the underlying dolomite f rom which the clay is 
r s iclua l, thou"h no or two hafts found no galena. The ore-bearing pa rt of 
the dolomi te i ~> a breccia in which the galena is accompanied by a small amount 
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of dolomite .·par and ·alcit . The am ount of gnl na obsern~ cl ut the time of 
vi it wa very rna ll. 

Gibson-Fi11 ·h.- Thi · mine is in a ntly ro1Jing wood c1 t ra t iu th ' E "\4 ' '1\ ~ 

ec. 10, T. 17 !\' ., R. 2 W. , 5¥.! mile.· we"t of Black R k. oil ma nti 
ob cures th "'eolog-ic relati on · of th d po;; it. Th working on.·!. t of 
several old pits and sha ft, now Jar"' ly caY cl , thnt li e within nn a rea 200 
feet ot· o in dia metet·. The or i "a lena a nd o cur · in thin cracks Hl l(l irre~u · 

lar r plac ment pockets in fin -grain ed dolomite ("c ttou ro•I;" ). Pi nk ~pa r 

und fin e dru7 quar tz ur in pin es n socia tecl with the I acl , but 1'11CY nre not 
conspicuous. F ract ta·ps of the type that would be fn ,·ora ble for t he f rmation 
of a rich ore body bn,· not be n en onnt er d In th e .·bal' t ·. Some of the 
replacin" ore a ppca rs in 't ructnrully homogeneou rock, in whi ·h replaci ng 
"'a lena may be den • loped !';i mply a· a ;:kel tal cry. ta lli:1.1lf inn 0 \ ' 1' 1' u voir me of 
seye ral ill(·hes, conlainiu" wi t hi n it.· lim it!" a l:trgcr ,·o lu mc of lltP e unt ry rod; 
than or r minera l. The prope rty wa Jlr pec ted a :; ea rly as l 9 an d a . 
late a::: 1926, but there is no re ord of unr prod uction. 
Adam.~."'-'l'h c t ra ·t wnecl h,,. T•' rNI Adam~ eomp ri ~<e · t lw J\'\\'1(, 'E ~ >'C ·. 10. 

T . 17 K .. R. 2 W .. :i V2 mile.· wc~t of Bl ack H o·k. Scn •ral s lHtft~< 35 fe t or 
more deep ll:wc l.Jeen made at d iffe rent t ime - at fair!~· will ly ~epn ral d I cnli ­
tic · on th e t ract. ome of the work was done in th 1:ev nlic!':. 'ru countr .'· 
rock i-· gray dol mi te, whi h i expo cd a t ome pia es but i gen rnll y ·on-
ealecl by re irlua l I n ~·. The ha fts 11as. d through the ·la y in to the dolomi te 

and revealed gal na . pha1e rite, and ~mith ·onite in the dolomit'e. A smnll 
quantity of galena wus seen by me in an expo ur of oft yellow d compos d 
clol omi te by the roa d ·i<le, a nd pa tt of a 1 00-poun cl ma s of )!a lena wa ob erv d 
in th e wall of a re ·cntly mad sha ft . ome lead ore is ·aiel to bav bt•en 
·hi pped from the openlne, · on th t ract. 

And.erSOII."-The prosp ·t On R. ~ - .\ nder on·.· la nd. i n rh ::\ 'f2 \\' l(~ ec. 
10. T. 17 N., H. :2 \\-., 5% miles we, t of Bl a<:k Roc·k, ·ons i,.;l. of a trench 40 
fe t long a nd several feet deep, \Yhi ·h wa.· made ea rly in 1926 lly W. L . H ogg, 
one of . everal les ·ees at the time of my vi sit ( April 1926). 'J'h dolomite in 
which the trench wu,.; blaf.: ted crop ou t over mur h of the ·urface in the 
wooded. ge nt!~· loping- tract. A surface ~<how i ng of zinc earbonn te in l dge 
of fra ctured dolomite led to the b la ·tin of the trench he re. The tr ncb 
r ,·ea led a brecciated grar fin grainell dolomite containin)! zinc bl ende in 
association with pink I <H' ancl with n li ttle ca lcit . The blende doe not 
occur in la rge ma.·scs but is di s>:emin a ted thr ugh the pink spar and ·alcit . 
It occur in the dolomite for the entire I ngth of the trench, ho''' ver, but 

pre ·cnt in larger amou nt at . ome places tha n other . The tr ncb look 
promi ·ing, and I belieYe thnt if a ·uffici nt quantity of mineralized rock 
similar to that in the cut i. · found the clepo ·it can be worked when ma rket 
condition· ju. tify. ~be ore r v al ec! in the trench woul d pr bably be cia · ed 
as of rather low g rade, p ro,·ilJecl th~ tr nch i con ·iderecl a a who! or even 
in large pa r t. 

Old Mill."-The Old Mill property (the Gib on mine of Branner and others) , 
in the southea tern part of .·ec. 9, T. 17 N ., R. 2 W., 6 miles we t of Black 
Rock, wa. worked for zinc ore many years ago. Open cuts wer made over 
an a rea of a few acres. Both zinc blende and carbonate were mined; t hey 
were concentrated in a mill, and three cal'ioud · of concentrates are reportecl 
to have been sold. 

The open cut· were made uear a .·mall eastwarcl-fio'Wing ·tream. They 
· passed through a few feet of surficial clay at some places but s ta rted i.a 
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outcroppin" rock ledge at others. Th rock r vea led by them are nearly 
flat-l ying I eds of gray dolomite, ome of which i brecciated and some of 
which is cut by closely to widely spaced fracture . 

Zinc carbonate occur in small quantit ies in the surficial clay and al o as 
a c ating adhering tightly to som of the dolomite and in places a material 
penetrating the dolomit to a depth of a few inche.·. The fresh unaltered 
dolomite that i fractur d and brec ·iatecl contain. a mall quantity of pink 
·par along the fracture planes and between the breccia. fragment . Inter­
mixed with the spar i zinc blende ( pha lerite) . Both the blende and the 
zinc carl.Jonate apparently occur in small quantities. Although the openings 
were partly filled with water, a1th, and rock at the time of ,·isit (Ap ril 1926), 
much could be lea rned from the wall · tllflt were ace ible. 

Hoppc.--Tbis mine, in the NE J4 . ec. 19, 'J'. J6 r., R. 2 W., wa · one of the 
sourc . · of ore for the Ca lam in ><me iter. It was ·hut clown in 1 7:2 and has 
not been ex ten ·iyely worked inc . 'l'he opening i · a Ia rge cut 200 feet long, 
50 f et wide, and 15 feet deep at pre. ent. thouo-h it. ori"'inul uepth was ome­
what great r. From the side and nd of the cut tunnel · w re originally 
dtiven for 1·a riable eli. tances into the wall. The low r end of th cut is alruo t 
at the leYel of a hollow that drain into Cypre. · Creek. 

The primary ore, ome of which remain.;, \\-a mixed bluck antl ro in j>l<"k 
a · ociated with pink spar, but the commercilil produ t of th mine wn zinc 
ca rbonate. Part of the carbonate has replaced pink par. The ore oc ·ur in 
it-r gular crack and replacement rna e hiefl. · in a fin e-gr.ained dolomite. A 
little of the ore-bearing rock is chert that bas replaced either dolomite or lime­
. tone, mor probably the lat ter. Another type of or rock i a m dium to 
rather coar e-grainecl Ji n-ht-n·ay dolom ite th.ot, Intera ll y. hecome>; iutermottl d 
with linu•Rtonc in ;:nell u way u.· t(\ in1lica te 1 wt it ha..: rt>:• la('ecl the limestone. 
Pet·hap,:; a large part of the ca rb nate ore I; n fr otn the mine in the ea rly 
days cnmc from ·urti ·ial cia~· oY rlying the ore in the dolomite. 

KimberlJJ.-Tb Kimb rly mine (Ca ·per mine of Branner retort) i in the 
W lA, ~ '~- s c. 1 , '1'. 16 ., R. 2 W. 'l'he 'en ral dip of the ro k n ar the 

min i;: at n gentle angle to th north, but righ t at the mine th re i. n mono­
clinnl :;t ep ning of th dip to 13• . 20•-ao• E. 

Ther at· two openin""s. The south I'll one i an open cut t long, 15 feet 
" 'ide, and 10 to 15 f et deep. It dir tion f Ion"'at i n . so• W. and 
thus it< parallel to the axi of the monoclinal fl xure. Th be··t ore occur in 
ine<>ular cra cl; ancl r plac ment pocket in .a b d that \\"H>' originally lime-
to ne but ha been n iter d to a medium-grain tl dolomite. Only the top part 

of a tbick lim tone bel ha been affected, and without rega rd to bedding, o 
that the dolomite varie in tbickn ov r short clistau e . Mo t of the ore, 
whicb is e .·ential ly coexten iv with th dolomit , i. c· utained within a tbick­
n · of 3 ot· 4 fe t. Tb dolonlite h ws a g re nish tiu"e du to the inter ·titial 
devel pmc:..ot of a '!"rceni b clay mineral. Th ore is mixed bla k and rosin 
jack, with pink ·pa r and chert as gan"ue. The c·hert has replaced the dolomite, 
mainly adjacent to the ore pockets. At the outheast end of the pit dolomitiza­
tion ha b n u gligible, antl tbe ore is on fined to a cherty ma t11at bas . 
repl a · d th top foot of the limeston . 'l' he cap rock to the ore bed is a barren 
tin grained dolomite. The lower part of the pit is verywhere in bal'l'en 
lime tone. 

Th second op ning i a tunn I lying roughly purnllcl to the open pit a.ntl 
about 110 feet north a 't of it. Th tuunel g es outh a t in to tbe bill for 140 
feet to a natural cave. Th is nYe, according to J. B. Butler, fLynn, contained 
about 2 feet of mud and jack. '.rhe cave was followed for a eli tance of 50 
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feet, in which i t curved gra dually to t he south . Owing to the gentle slope 
of the ·urface above, the d pth of the t unn l below ti1e ur face i. · nowh re 
very ~reat, bu t a t h b drock her i& mantl d hy on ! ~· a thin cover of soil , 
the tu nnel has held up fa ir ly well. A :<haf t wn ·unk to it f rom U1e . urfacc 
about 100 fee t f rom i t porta l. The t unnel has in it wall. a d i cont inuous 
bla nket ve in of j ack ore, en 1·a ll :v 2 to 6 inc he thi ck , occurring a long the 
beddin"' conta ·t of a dolomi te above \Yi th a li me: toue below. T h hori zon i ' 
evidently th e , ame a. that of the minera lized rock in th e open p it. A trace of 
cha lcopyri te is a oc iated wi th the pink -&par gangue in tbi. tun ne l. 'l' he rock 
con taining the ore is a Yerr coa r e-gra incd do lomi te, approach ing a gray pa r. 

The prod uction of tbe Kimberly m in ha · be n b tw en 30 and 40 ton of jack 
concentra tes. 

J. B . B1ttle1·.- Tbis mine i au op n cu t in t h r igh t bank of Big ypre s 
Creek, in the NW 1,4NE1,4 ec. 1 . T. 16 N., R. 2 W . It wa ori "'i na lly 100 feet 
long pa rall el to the c reek a nd :...0 feet w ide. ~he or·e fa ce increag d in t h ick­
ness f rom 1 foot on the >: id next to th creek to "' feet on t he opposlt ide . 
\'i' ater f r·om t he c reek ga Ye con . ider able tr uble d uring t he operation of the 
mine, and a . o n a work \Yas , u pend cl the pit wa · fi ll ed wi th creek and 
and gra• e l. The ore wa mixed bla k ancl r s in jack, a o ia ted with pin k 
spa r in cracks and i r regula r repine mcnt p ckcts i n fl ne-p:r ainecl cl olomit . Th 
or i»iua l rock ran about 5 pe rcen t of zinc; th conccnt ra t "· a · shipp d, ran 
63 percent of zinc. T he pr·oduct ion of the mine ha been bel w0en 30 and 40 
tons of concent rate . . 

A small mill ow necl by .T. B. B ut ler i Joca t cl ncar th e . ite f the cut. 
Between 1922 and 1020 about 350 tons of carbonate ·onccnt rntc::; wer t urned 
ou t he r·e, bu t th E' ore Cll mc from tlw r d ig-g in g, in t he nclj ncf> nt r g ion. F ou r 
ca rloads (ab u t 140 ton ) \Yas milled in 1!>27. 

P enn .- T hi · pro pect lie in a fa irly fl a t wooded tract iu the NW YI SW lfil, 
sec. 7, T. 16 N., R. 2 \T. '£h re i · a 14-foot shaft that begi ns in a fi n -gr·a ined 
dolom ite ("cotton rock ") an d reac hes o r pa c th rou ~>h a med iu m-grain d 
Ii.,.h t-g ra y cl olomite, ,-vith g rc nish in te r.titia l ·Jay, at some lev I nea r the foo t 
of the shaft. Both type of rock contain ore, in ir regula r crack anrl r place­
ment [Jock t --. The cracks np11car to be con tined to 11 run about 10 feet w ide, 
who e d ire -tion i · • -. 40° E . Abou t 100 feet no rthea t of the mai n shaft ore 
is expo ·eel n the ru n in a shallow open 11it, though it is not o rich a· at t he 
shaft. 

The ore is m ixed bla ·k and ro in j ack a . ociatcd wi th pink pa r . A littl e 
of the jack bas oxidi zed to ern. ty and h neycomb ty pes of a rbona te. A t race 
of chalcopy rite a ccompanie lhe ore, a nd a li t tle p~Ti te i.· d i eminatcd in the 
"cot ton rock " or , perhaps, eg rcgatf>cl along the bord r f t b pink pa r r 
j ack. V ry li ttle dc,·elopment w r k has been cl one here, but fn irly r ich ore i: 
expo eel in the top of the shaft, and the p rospe t is promising enough to wa r ra nt 
some f urther prospecting a long t he ,lines of the su pposed ore r un. 

R (ln ey.- This mine i · on top fa low fi at ridge in the IW 1,4 ·ec. 15, •.r. 16 N., 
R. 3 ,V. 'l'hc wor king · on ~i st of many sha ll ow ·urfnce cuts OY r a cl ia m te r 
of 250 feet, with one or two old shaft , 20 fee t or so in depth. '£he ore­
beari ng rock · a re medi u m to rather con rse gr ained dolomite a nd chert. The 
dolomite contain · abundan t pink par in irregu lar rcplacipg pockets, a nd in 
places r a tbe t· la rge blocks of the dolomi te are completely a ltered to pink spa r. 
Mo. t of t he production ba · been zinc ca r bonate, but the orig ina l minera l. wh ich 
is con pi uous on the du mp, i · mixed bl ack and ro ·in j ack. It occur in pa rt 
disseminated in the dolom ite in blebs as la rge a s h a lf a u inch, but a l. ·o in pftJ!.t 
peppered through the dolom ite on a very fin e sca le--a sta t in whi ch it is not · 
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recoverable by the ordinary methods of concentration. More commonly the 
jack is as ·oclated with pink par in irregular replacement blebs or in irregular 
crack in both the dolomite and the chert. Finely cry talline py1ite is du t d 
through certain bapd in the dolomite and chert but is not present in great 
enough bulk to be commercially objectionable. 

The Haney mine produced ore for the Calamine mclter in 1 57 and in 1871 
and 1 72. Within the last few years between 30 and 40 tons of ca rbonate con­
centrates haYe been turned out at the Butler mill from ore taken from the 
Raney mine. The prod uction during the earl ier periods of acti>ity is not 
known. 

Bm·ber.-Tbi mine lies 1% miles northea t of Smith>ille, in the SE:tA,SEJU 
sec. 22, T. 17 N., R. 3 W. The working is an open cut, 70 by 100 feet in size 
and 10 feet de p, lying ip a field. The ore-bearing r ock is a fine-gra ined gray 
dolomite (cotton rock) that weathers buffy an d wbiti b. It i overlain by 
a barren partly dolomitic limestone. The ore is a high-grade gray to fie b-colored 
crystalline zinc ca rbonate, with a little of the residua l jack pre erved in spots. 
Pink spar is in place developed as an original gangue, but much of it bas been 
replaced by the carbonate. Some of t ::Je richer masses of cry ·talline carbonate 
conta in eggshell-like layers of white opaque hell carbonate. The re idunl jack 
is chiefly rosin colored, but ome black j ack i intermixed. The jack occurred 
originally a a filling of cracks in the dolomite and a! o in the form of large 
replacing masses in the dolomite and in a cherty replacement product of the 
dolomite. A little of it wa also disseminated in th e dolomite. The productiop 
of the mine during the World ·war is reported to have been around 300 tons of 
free carbonate ore. 

Rioha1·dson .- This mine is reported to have produced ore for the alamine 
smcll'er in 1 57. It li e. directly on the northwest "ide of the Smithville­
lmlJ()(l en road, 1% miles from mithville, in the :\\ ~~E~ c. 27, T. 17 
R. 3 W. The opening i an old-time lrregular-shap d pit, 50 feet a ross nnrl 5 
feet or more deep. The country rock i fine- to medium-grained dolomite, con­
tainin"' segr gated bodie of fine dru y quartz that stand out on the '''eathered 
urface. There i a l me lime tone in the bottom of the pit, but it doe not 

cany ore. Oxidation ba been compl tc, so that the ore i · entirely zinc car­
bonate. It is as ociatcd with pink par, mu b of which it coats over, and 

. occur in cracks and pockets in the dolomite. 
JTendJI·ick.- Tb i opening lie about 250 feet toward Smithville from the 

Richardson mine, in the ame 40-acre tract but on the opposite side of the 
mithville-Imboden road. The shaft, now caYed, i reported to be 80 feet deep. 

The ore i · mix d black and rosin jack and occur in a fin e-grained dolomite 
(" otton rock") a. a crack filling and also in replacement pockets as large a 
3 inch . or more. Pink .·par may or may not be a sociated with it. The dolo­
mite ontains a little finely dis eminatcd 11yrite and also irregula r replacing 
mass . of gray chert as much as 3 or 4 inches in size. Some of tile jack has 
1 e n niter d to gray carbonate. Th haft i apparently on a zone of slight 
. trucLura l movement, wh o e direction and extent are unknown, owing to the 
lack of su rfuce outcrop . 

Lin oln.- Tbis mine i in a field in th SE% 'W % ec. 27, T. 17 ., R. 3 W. 
The haft, r eported to be 93 feet deep, was ·unk on the record of fo ur or five 
drill hole put down on the property. In add ition to the shaft there are al so 
no open cut, 30 by 40 feet in ize and 10 f et deep, about 600 feet north ast of 
the haft, and a urvin"' inclined tr ncb, 200 feet long and 20 feet deep at the 
back. 300 feet northwest of the haft. The ore-bearing rock i a rna ive fine­
grained dolomite. The .· tratigraphic ection penetrated in the haft includes 
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some blue-gray limestone, but this is not or bearing. Th ore at the ·haft 
is mixed black and rosin jack. a . sociated with pink ·par In mall irregular 
cracks and replacement vugs in the dolomite. The original min rulization at 
the level of the two surface cuts wa the same, but here oxidation has converted 
most of the jack to ca rbonate of various form , e pecially to gray cry talline 
and cru ty types. Some of the pink spar has been replaced by carbonate. It 
is reported that development work in the haft wa hampered by an exce -
sive flow of ground wate r. At pre ent th water level s tand 12 fe t below 
the surface of the ground. The pro1 erty was form rly equipp cl with a mill , 
and ·orne ore wa onceutTated, but the a mount wa uot ascertained. 

In the NE lf! NWlA sec. 27, on th Henc1erson t rac t, thr e or four sma ll open­
cut prospect· reveal fa irly good arbonu te ore with a litt le j11ck. 

11Ioore.- Thi ' mine is in 11 region of no out rops, about 1 mile en t of mitb· 
ville, in ec. 34, '1.'. 17 N ., R. 3 \V. The op n i ng i · a pit 100 fee t long, 30 f t 
wide, and 10 feet lleep. The ore·b aring roek i buiT fin e-gra ined dolomit e 
("cotton roc·k "), but some gray lime,;tone is cl o ly 11 ·ociated in the ·ection . 
The ore i ~ i nc ca rbonate, \Ybi ('h occurs in rat her large crysta lline chunk,; anti 
11 1 o, IPS· abun <l ant l,\' , t·eplac iug pi n!; . [Ja r. \\ ' hether the orig ina l jack f r m 
which it ,,·as deri \'CCl oc:eurrecl in fra c: tur \'Cins or in t·eplacement chun k!'< in 
the ·· cotton ro ·k" was not a ·cet ta in ccl . 1t i · repo r tecl t ha t some of tbe 
Qrig inal ja c·k is pr e::;el·,·etJ in the bottom of the pi t. Co nside rab le buff clay 
formed in tb coun t t·y rock duri ng the a lternt ion . The prod uction f t·om the 
mine i · r port cl to h:F c been a little o,·er 100 tons of free ore. 

K ing J aok.- Tbe workiug here is n big open cu t, 125 by 70 feet in g round 
plan and 15 feet deep. It lies on a \\'OO<lecl gent l.v :lopi u~ !Tact in the v.n;. 
N\V lf! :ec. 29, •r. 17 :-<. , n. 3 W . T he ore i: mixed rof: in and Llla ·k jack ancl 
occur , i1 ·-ociate l \\'ith pink spm·, in crack an d replacement pocket in a 
fine-"'r ninccl bluL h-gray dolomi te. Som of the replacement pock ts a re in c: he · 
or more aero fl. A li ttl fi nely cr.\' talli ne chalcopyri te ac:compa ni the ore. 
and pyri t , in ,;ma ll cubes. occurs in crac l; s in the dolomite and a l o along the 
bou ndary betw een the do lomi te a nd pink pa r of the ore po ·kets. A. small 
amonu t of carbonate ha cle,·eJopecl a -. an oxidation product of the jack, occur­
ring in the gra.v cr y."ta lline form or replacing pink pa r , bu t it i · of no com­
mercia l importance. The production of th mine is repor ted to ha,·e been 
abo ut 300 ton · of concent rates, milled on the property. 

R od F ox.- Working: on t bi pr oper ty consi t of ·ever a I open u t · on the left 
i)un k of ooper reek in th e W IA W IA ec. 29, T. 17 N., R. 3 W. The ri " ht 
bank of the creek here is a bluff, bu t the left bank i : gently sloping. The cut!' 
are below th level of high ~·ate r , an d most of them have b n fill ed up. 'l'h 
la r"'e t one noted lie· pa rallel to the creek ; i t i. 100 feet long a nd lO feet wid 
and probably ,,·as origina lly 5 to 10 fe t deep. 

The ore occur in a flu e-gra ined gr ay to greeni ·b-gray dolomi te, but al so to 
:ome extt•nt in a m dium -"TH inecl dolomite. 'l'he original jack is mix d blacl;: 
and ro:iu colored a nd o ·cur · partly a. a crack fillin g, pa rtly in the form o r 
irregular replacement pocket , a nd partly eli ·seminated in th e dolomite in 
bleb · a· la rge a: half a n inch. This eli seminated ore i. found in tbe medium­
grained dolomite rather than in the fine-grained; it a l o occurs in a chert 
formed during th e mineralization by silicifica tion of a dolomite. Pink par and 
calcite a re a;: ociatecl with the jack in the cracks and replacement pockets. 
Dru:y quar tz form · the wall lining of certain vug devel oped in tbe chert. A. 
.. ·ma ll amount of zinc carbonate occur: a: a coating over pink spa r in certl1in 
druse. 
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Tb production from t he R ed Fox property bas been about 70 tons of con­
cen t rates. The ore was milled at a small plan t on the oppo. ite side of the 
creek from most of the working . 

MiUer.- eve ra l open cut were worked during the ·w orld War in sec . 29, 30, 
31, and 32, T . 17 N., R. 3 W. Only one, s ituated be ide the r oad betwe n 
Smithville und R eed, wa examined by t he writer. It is 40 feet long and 30 
feet wlde and wa. originally 30 feet deep. The ore is gray crystalline and 
c ru. ty zil1c ca rbonate, with orne mixed black and ro ·in jack. It i a ··ociated 
with pink spar in irregula r cracks and r eplacement ma · e · in a fin e-gr a ined 
dolomite. Some of the pink par has been replaced by carbonate. A tra e of 
chalcopyrite occur in the unoxidiz d ore. A mill wa · in operation on the 
pt·oper ty durillg the period of production and i · reported to have work tl about 
140 ton· f ca rbonate concentrates. Of th i amount, not more than 30 tom; 
came from t he cu t mentioued above. From one of the othe r open ings on the 
property a mass of jack w ighin" 575 pouuds i : repor ted to ha ve be(>n ta ken 
ou t in one block, within 4 or 5 feet of the urface. 

Wiclow Fr011kli11.-Th i p ro;;pect i. on top of the bluff on the east ide of the 
Strawberry River in sec. 36, T. 17 N. , R. 4 W. A haft, r epor ted to have been 
20 fe t d ep, i 200 feet back f rom the rim of the bluff, and an open cut, 40 
f et long, 15 feet wi d , and 5 feet deel), lies within 50 feet of the shaft. The 
ore is mixed ro in a nd black jack, with some carbonate both in the gray 
CI'Y ·ta lline form an<! replacing pink par. 'l' be ori ina l j ack i a ·sociated 
with pink ·pa r and a little calcite in cracks and replacement pockets in a fin e­
g rained gray to buff d lomi te. Some of t he jack pockets a re a foot or o acros ·, 
though made up of several in terlockinrr cry ta l . A little fin ely cry -- talline 
py ri te foll ows the border· bet\Yeen the dolomite and the ore and gangue 
min ,·a ls. 

Rook t>rings.-The op oing on tbi · property is an open cut, 40 f('{)t long, 
15 f t wide, aut! 5 f t deep, lyin " at th tO!> of th bluff on tb ea ·t s i l 
of th trnwb rry Rb· r , 30 or 35 f t <:tbov wat r l ew~!. iu :ec. 36, T. 17 
R. 4 W. The or -beHring rock i. a fin -grained dolomite (cotton rock). Th 
or is -ry talline gru.r a rbonnt' with som residual blncl< and ro:;in jack . It 
occur~. a ·ociated with pinl< spar , in Ta ·k.- a nd itT "'ll la r r placement ma ·ses 
in tb dolomit . oru of the ca rbonat hn s replaced pink . pnr. A little of 
the j ack i · di · m inuted in the dolom ite in blehs from one-fourth to thr e­
fo ur th · inch in siz . 

Grac /and.-Thc working on this proper ty ii!< a shaft ·it uHt cl dir tly in 
th bed of a h ndwntN· prong of Pine 'reel<, in · c. 26, T . 17 '., R. 4 \"\. Th 
. haft ha be n filled U[ by cr k gra Ycl. The ore i chiefly mixed black and 
r o in jack and occur , a sociHtE 1 with a ubord inate amount f pink spar, in 
era ·k: aml r p lacement poc:l< et. in n tin 'l'cl inell dolomite (cotton r oc!;) 

me of the r placing juck mns ·e;,; grade down in si)\e unti l th'i'Y upproncb 
tb el i · eminated t~' Jl of ore. A little cak ite and a t racf' of chalc.:opy ri te 
accompa ny th ore in the Larger ma~se>". A ~mn ll mill wa· at one tim locntecl 
at th forkf< of the boll w. 00 feet I.Jelo w til<' ><haft. I ut it ba · b n com­
pi tely torn down. Tb p i·oduct ion wa s not a certa ined, but it wn not more 

t1111n a few tons. 
A :hall we r . haft i · 600 or 700 f t up the ot11er ( left-h nncl) fork from the 

mill, on t he ri ght • ide of the hollow. Ther a re no rock outcrops near, and 
on wonder what hn determined th e location of ucb an opening. The or e­
bea ring rock is both fine- anil JII NiitJJ n-gr ained dolomite, but much of it ba 
b en ili ·if\ cl to n den e che r t. The ore is mixed black ancl rosin j ack and 

69~71-:~ - 20 
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occurs In small replacement pockets in the chert and dolomite associated with 
a scant amount of pink spar. 

George Smith tmct.-Tbis tract of 335 acres is in sees. 1, 2, and 12, T . 16 N., 
R. 4 W. It wa not visited by the writer, but numerous samples of the ore 
were examined. The ore is mixed rosin and black jack associated with pink 
spar in irregular cracks and replacement pockets in a fine-grained dolomite 
(cotton rock ) . There i some carbonate dev loped from the j ack, and the 
tract i repor ted to have supplied carbonate ore for the Calamine melt r in 
and prior to 1 72. There are on the property num rou small pro pect open­
ing a few feet in di ameter, none greater than 4 fee t deep. 

li'ugate H o!low.-Aithough very little dev lopment work ha b en done on 
this property, considerable ore show al ong a t retch of 300 to 400 feet in 
the bed and on the left bank of the hollow where a few prospect pits have 
been made. 'l'he occurrence is the SW~SEJA, sec. 9, T. 16 ., R. 4 W. The 
country rock, which is well exposed in the bed of the hollow, is fine-grained 
dolomite whose average attitude approaches horizontality, but in the neigh­
borhood of the richer showings of ore the structure is somewhat wavy, showing 
local dips of as much a 15• SE. The or i chiefly r o in jack with a little 
intermixed black jack and with insignificant amounts of pink par and calcite 
as gangue. It occur in hatter cracks in the dolomite in which on ly a minor 
amount of replacement is involved. The occurrence of ore is potty, so tha t 
certain masses may run fairly high in grade with the intervening masses being 
Jean. There is no per is tent structural feature that controls the location of the 
rich r ma e , o tha t the depo it may be exp nsive to work. 

A.?·buckle.- Workings on this property lie on the right side of Big Creek in 
the EJA,SW~ sec. 16, T . 16 N., R. 4 W. The land was orig ina lly prospected 
by several dr ill hole , auu ·ome of tb ll v lopment work ha · be n control\ d 
by the showings of the drill reco rds. One of the holes, 196 feet deep, beginning 
at a point 40 feet above the leYel of the ere k, howed an -foot ore run a t 35 
f et and a second run at 70 feet. A shaf t was su nk on this hole as far as the 
lower ore run, but the run was not worked. On the 35-foot level a drift was 
run east for about 30 feet. The o1·e i r osin jack as ociated with a very 
minor amount of pink spar, in irregular cracks and replacement pocket in 
fine-gr ained dolomite. Whether the run is linear or essentially a blanket \'Cin 
is not known, but to juclge from the di tribution oC ore howings el wh re in 
th immediate neighborhood it is more probably a blanket Yein . A mill wa 
built ncar the porta l of the shaf t and was on the point of beginning operation 
when the finan cial pan ic of 1907 arr sted further progres ·. _ 

A second hole, 222 feet d ep, was drilled at a point 240 feet . 30• E. from 
the shaft, its collar lying 5 feet lower than the colla r of the shaft. Ore is 
repo rted as "good" in this drill hole, but no details are avai lable on its depth. 

A thi rd bole, 2:.5 fee t deep, '''as drilled on the bank of the creek, 10 fee t above 
water le,·eJ, at a point lying perhaps 300 feet . 5• W. from the shaft. Ore 
is reported to lun·c been t ruck 25 feet below the colla r and to have continued 
for the 200 feet to the hottom, but it should be remembered that in drilling of 
th is type c:utt ings an' often unin tPnt iona ll y ~a lted by an ore bed f rom above. 

A sec:oncl :-:hnfl, l~·i ng between th e main one and drill hole 3, is 30 feet deep 
nod i · r por ted to have struck ore at the bottom when the shut-clown came. As 
the co lla r oC thi. shaft is 5 feet lower tban tha t of the main one, the ore 
encountered i · evidently the upper ore bed of tbe main shaft. 

The g reatest showing of ore on the propet·ty ha.· been uncOYerecl in a n open 
cut just downstream f rom drill hole 3. 'rhc cut i 125 feet long, JO f et wid . 
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.and 5 to 15 feet deep. The long axis of the cut bears a little north of east. The 
lowest part of the fl oor is about 10 feet above the creek level. A. spur cut for 
n distance of 50 feet to the outh from a point near the en t end of the pit 
shows the ore to extend for at lea ·t 25 feet from the main cut. The ore is 
m ixed rosin and olack jack and occurs in association with pink spar in cracks 
and ra ther la rge replacement pockets (a much a· a foot or more in diameter) 
in the fin e-grained dolomite of tbe country rock. Som of the ore rock include 
replacement masse of ligh t-gmy cher t, but such ma s . do not appear to be 
rel ated to the mineralization. Some hand-picked ore from this cut wa teamed 
to the railroad nt Imboden, 17 mile. to the northea t, prior to 1907, but the 
amount was . ma ll. Thi prospect looks somewhat more promi ing than those 
at most other place in Sharp and Lawrence oun t ies, though there is no 

\'ident t ructu ra l feature that would tend to localize the ore. 
La nd belonging to Lhe Arbuckle Mining o. in the N%NW 3,4 sec. 21 has been 

p ro pected by mean of 10 drill holes, the deepe t be in<>- 360 feet deep. R. M. 
Willett reports the discovery of jack in all of t11ese drill hole . 

DayUght.-The working on this property consi t of three hafts in the 
%NWJ.4 sec. 21, T. 16 N., R. 4 W. Shaft 1 i 33 feet deep, with a 10-foot drift 

to the west a t t11c bottom. The be t ore, consisting of rosin ja k with a very 
mall amount of intermixed blackjack, lies 2 or 3 feet abo\·e the bottom of 

the haft. It oc urs in crack and r eplacement pockets in a fin e-gra ined dolo­
mite and i · not a companied by gangue minerals, although at the top of the 
shaft condition a re re>er ed nnd pink spar occur without accompanying ore. 

Shaft 2, which i 10 feet deep, lies 400 to 500 feet we t of sha ft 1 and shows 
omewhat more ore on the dum p. The ore i mixed ro. in jack and ca rbonate, 

.a ocia ted with pink par, and shows the .-ame type of occurrence a. at no. 1 
iu o fin~grnined dolomite. 

Shafl 3, H feet deep, lies 150 feet porth of ·haft 2. A.c ord ing to R. M. 
Willett, of n oxi<', this , haft had ju t reach d ore when inkin"" wa topped . 
.A. dri ll bote in one corner of lh ·haft, accord in"" to him, show the ore to 

ccur in a zone 14 feet thi k, though, of course, tb ore mineral make up only 
a . mall part oC thi · ?.On . 

'l'h I'e has been no production f rom the Daylight proper ty. Galena is repor ted 
to haY been found in orne drill hole n th prope r ty. 
· Will ett wop 1·/y.- Land own d b.r R. l\1. Willett in the l'\ 1/2 W l,4 a nd the 

}1;1;), :\V lj~ . · c. -0, '1'. Hi • · ., R. 4 " .. ha. numerou bowing:;; of ore. alth ugh 
no d yelopment work ha s been done olher than the bla ting out oC n f w small 
f:ur fnce pit:;. Mo ·t of the minera l bow on u . mull wooded h ill lbut li ha k 
of a 30- to 40-foot hluCl' on th<' ·oulh side of Big reek. Ro in jack ft ~ 'oc i atecl 

with pink par i.- the common : t re mineral. I n places bla k jack i mb:cd 
wi th the ro in jn ·k. Oxidation of th ja k to zinc ca rbonate is omm n, o 
that much of the 111ineral thut l!a been UJJ COV reel i mixed. A trace of 
·ha lcopyr ite wa ob~erY cl in one pit at th top of tb bluiT. and a little galena 

is reported by l\I r. Will ett to ha ve been founcl on the lop of the hill . 'l'he 
mineral occu1. in in gul nr 'rack in a fin e-grained dolomite (cotton rock). 

Calamine.- 'J'hi · mine i on o «en tty lor ing oil-co\·eretl hillside ha lf a mile 
we. t of the vill age f nlnmine, in the El,4 E 14 sec. 22, '1'. 1G N., R. 4 Vi'. 
It is one of the old e. t zinc mines in Arkan n , having been worked, accorclin" 
to re. icl nt of tho di ·tri ct, a. ea rl.v ns 1 57 or 1 5". At that time a zin 
sm Ite t· was built at the \·iltage, where ca rbonate ore from thi mine, n welt 
.as from a few other digo- ings in the ,;cinity, wa9 red uced. The mine has 
.b n worked \·e ry little in mor recent years, though during the World War a 
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li ttle ore f rom t he prop rty wa~ millerl nl the Peu rce mill. '!' he productinn, 
c ming over a per iod of 70 ye<HS or more, w:th mo:; t of the wt,rk hnving be n 
done in the cu rly yen r., i ~ not kn own. 

The working· con i t of seve ra l olcl -time i= hnft ·, som of whi <"h nre reported 
to have been 100 feet ot· more deep, untl ;: v t·al shallow s urfuc cuts. Tho 
uppet· parts of tb . urface cu ts have b en in deep clu,1·, which. nfter lhe ·uts 
hav b en aba ndoned fo r a few yea r.· , slu mp· down and on<· a! · the uucler ­
l~· in;; rock. T he la rge ' t ut wns n tr n h ahout 300 fe~>t long. 5 feet wlcl at 
the ]) tto tll , and 1-'i feet tl ep at rhe ba ck encl. It i · repo r ted by B ran n r •• to 
ha1 e 1 as~ed into a tunnel ut the ren r f'ncl . All trac : of thi. tunnel are now 
~uue, owing t t he tilling in of the cut b.1· ·urfa cc IYa sh. 

'J'h ore occurs ill irregula r crack~ a nti rcplaccm nt po<:kl'ts in a tlnc-;.rntin d 
dolomite and to a le~ ext·en t in a cherty f<nnd>"tone that 'Ont ain .· ;;-r<-'gat I 
ma ·e of bl ui ·h cia~·. A little of th e ore-bf'u rillg rock appear · to ha 1·e J.>een 
an intraformational C<:: llglomcrate, . l!owi ng frn;.:.mcnt.· f clo lolllil <.> in th<-' che rty 
snncl.·tonc matrix. Prohubly, :t l ·o, much of the ore wa .· ta k n from surfil-in l 
clay . Bn1 nner reports that tl1!' ore-bearing bed is f t thick. 

Practica lly all of the ·om mercia I ore ha. been gray to fte:h-c lorecl crysta ll in 
ca rbonate, but the origina l or , iu th dolomite, om of whi ·h remains, wn 
mixed black ancl ro ·in jack, a~ o ·iatecl wi th pin k spar. Pyri t i;; mor abundant 
at thi mi ne than i u ua l for nor th rt1 A.rlwn. a·, though i t i. · uot abundant 
euough to affect tbe commercia l quality of the or . It oc ur · a amorph u. 
egregated boclie an in ·h or o acros ·, in the dolomite. A li ttle ga lena i 

reported by R. U. Willett to hav occurred IYith the zinc ore , though none of it 
show at pre ent. 

T he melter at Ca lamine, according to Brauner's r port." was buil t in 1 57 ))y 

the I nclepenclence ?\lining o. It wa promoted by St. Loui · capita l and wa. 
accordingly demoli heel by the onfeclerate forces du ring th·e Cil·il War . It wa 
rebuilt in 1 71- 2 by the America n Zi nc o. and was operat d for abou t s ix 
months (B ra nner ). Edward B. ornell,"' who worked .·ome of the mine in 
the eli. trict in 1900, repor ts that from th be t information he ha b en al.Jle to 
obta in , tbe amount of .·pelter turned out at the alamine . melt r wa about 
200 ton;;. :\Io ·t of thi. · wa · made durin' the . ec nd p riod of 0peration. Only 
carbonate nrc wa · r lu<:ecl, and tlti cam from oth r mine· in the di stri<:t 11 

''ell a from the Calamine mine. 
Golconcla.-The worki ng on thi. prop r ty is a 100-foot . haft, in a gently 

·loping fi e ld in the 'EY.i Et,4 ec. 31, T . 1G ·. , R. -i "\Y. , about 1 mile weRt 
of Grange po ·t offi e. It i repor ted to ha,· be n dril·en in 1 () . No drifting 
ha. been d ue from the .·haft. A.ccorcli11g to R. M. \\"ill et t , the upper 30 feet 
in the s llaft showed lead ore, th n ca me 30 feet of bar re n rocl,, th n 4 f et of 
"rich" zinc ore with . orne lead, and fin a lly 36 feet (to th e bottom) of lean 
zinc 01·e. The ore minera l i n the 4-foot ore zone a re a p culiar red-brown 
form of ja ·k and galena. A ociated with the e a re pink par a ncl , to a minor 
exteut, ca lcite and cha lcopyrite. Near the top, wh r ga le!la i.· the only re. 
pink ·par i. the a~socia ted gaugue min eral. The ore occurs in crack. nnd 
replacement pocket in a tine-grained dolomite. The cra cks are rather . ma ll 
hut more clo ·ely . et than us ual, and some of the rock ha been br ciat d. 
Owing to lack of xpo u re · it is not known to what extent there Ita. b n st ruc-

"'Brunner , J. C. , Th zin c und lend region of north Arknnsn~ : Arkonsn s GPol. Survt'y 
Ann. Rept. for 1 !l2, vol. 5, p. 235, 1900. 

"' l dem, pp. 67 , 231. 
00 Per-ona! com municntlon to the lute C. E. I benthnl. ~ 
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tural mo1·ement of tl.!e ro k. at the shaft. It i r epor t c1 that ma · e of I arl 
~~·e i gh in <> 100 paunch 11·cre taken f rom th e ~u rface at the ·haft . 

Fitzliugh.-Thi~ i!'< a shallow open cut, 3 or 4 feet de p a nd 30 feet iu 
diam eiFr, lying in a 11·ooded tract in the N \Yl4S" l;.l . ec. 32. T . 16 N., H . 4 \V. , 
a quarter of a rui le east of the Go! ·onda haft. 'l'be ore-ben ring rock i. a 
fine-"Ta in c1 dolomite thnt has b en shattered and min ralized rather thorou ···IJ I~1. 
The ore wa ·· or igina ll y jack and .: ubordinate ~a ! na, a~ ·ocia ted with pink ·pa r 
in t he ·hatter ·ra k . ::'lluch of the jack hn · been lea ched out or altered to 
carbona t . The indi l' itl unl jack ma ·. ·e · average half to three-q uarters of nn 
ill ch in diameter. 'l' he jack i domina nt!~· reel-brown , with some m i~ecl blncl; 
and ro in jack. 'J'h r pro ·pect wa. opened up a ~·ear or two b fore the t ime of 
th writ r·s 1·isit. in the fa ll of 19-9. 

l'earr .- De,·elopment on tl li property coul'i -t. of n 113-foot ~haft, on a low 
Jla t ridge in t ill' , 'E '~- _ .\\' 1/1 sec. 10. 'I. 15 ;'\. , H. 4 \\'. !•' rom th IH•ttom of 
the sha ft :1 d rift i:!O feet long. 20 feet wide, and 10 f et hi "h wa · made in to ore. 
l\Io. t of the de,·c ioprnent wor k. howeYer, wa. clone on a leYe l 50 fl"et below 
the collar, where a room wa.· s topecl ut to a el i ta nc of 30 or 40 fel"t from 
th e ·bnft. 

'l'he coun t r.1· ro<-k is fin e-grain rl dolomite ("cotton ro k "), whi ·b C1·op.· out 
at num l"rou place·· in th e neighborhood of the . haft through a thin oil mantle. 
Mo ·t of th ore occur.· in thi r ·k, in crack ancl irreg ula r replacement poekets, 
but a !i tt! • of it occur · in dolom itic a nd . tone. ome of t he mat rial on the 
dump show brl"ccia , compo. eel of f rngment of th i sand. tone and of tb more 
norma l type of·' cotton roc-k.' ' 'l'he ore i,; mixed jack and ca rbonate, a :o ia ted 
wi th pink par. l\lo t of the jack is ro ·in-colored, but it contain a little black 
jack mixed in. 

'l'h Par· mine has been on of the la rge. t protlu ers in harp aud Law­
ren<'e 'ountie~. ha Ying .1•ielll t1 >lbOtlt 700 ton· f con entrate , ac orcl ing to 
R. I . \\'ill tt . 'l' he. hnft wa un k in 1900, and ac ·ording to a priYat report 
ma c! in li)Q.! by Dan iel Dwyer. n minin<T engineer of J oplin, the fir t con­
con tra t , a mount ing to 60 tons, wl"re !<h ipped in J 003. The gren te t prod uc­
tion, howe,·er. cam during t he World "- nr. It i reported that ore i pres nt 
throughout th depth of t h hnft, but that the 50-foot level wn worked chiefly 
on ll('('OUII t of tb ab euce of arbona t at thi pa rticul a r le,-el. The jack 
concentrat s From th is leYel ran 61 percent of zinc nnd only 0.40 percent of iron . 
During the \\'odd Wn r re f rom n ft'w other min e in the vicinity was con­
<' ntrat('d at the r ea rce mill. The mi.II i. now clemoli: hed. 

Rt~nyan.-Tbl is an open cut 3 feet deep and 20 feet in cliamete1·, probably 
in the NW~NE% ec. 30, 'l' . 15 N .. H. 3 W . The ore is mix l blacl> und rosin 
jack unci oc ·ur a: iatecl with pink . pa r in cra ck in a fine-grained dolo­
mi te. A littl pyri te occ urs in bleb in the dolomite. 

Crotv.- Thi 01 niug i in the SID~ c. 21, T . 15 N., R. 5 W ., in Inde-
peuden :e ounty, about 1 mile sou thea t of nve ity. It i a haft 10 or 
12 feet d p on the s ide of a o-ently loping hill. The ore on ·ists of ga lena 

jack a ocinted with pink spar and ca lcit in a few thin crack. in 
a tine-grained dolomit . 'l'h prospect has no value as a commercial pos i­
bili ty, but i: of interc t in showing the eli. t ribution of mineral. The rock has 
b n mapp d" as bel nging to the Jonchim limestone. 

"Miser, H. D., D pos it s of mangnne e ore In tbc Batesville district, Ark . : U.S. Geol. 
~rvcy Bull . 734. pl. 1, 1922. 
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