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fh~ North A t l a n t t ~ Ic51.~n4l - .u-r K~-,eour . ~ (MAR l ~tudy e*amI~~ d
a ~i I ~~r v~t r I e ty  of and re lat ed land r. atlur,.- - . ~~~~ sad ~~~~.ea
in I rr ~ulat ~~~ a broad , ce~ordIuatrd pt ~~g~ 4 ~5 t~~~~ tt
development and n~sna~iv ’~.-i t in the ~.‘rtit At lantic 1e~ *on . The’ ~t u4y
w t ~ author ized by the I%S - ~t e r t~uur ,r ~ Planning Act &PL *V—B0 )
and the l96~ ~ to .~4 Control A~ t (Pt- !~‘i- . s ~’j , and •ar r ie’d  out sLI~~~~~~l

gutdel t nt ti set by the W 4 t c r  Rr%.~ .t~~e- ’. iu~jn~~~.

The re~o~~~nde&j pro gram and altersa ctve s deve l ~d b r  the t~ t b
A t l a nt i c  Region w~ r~ prepar ed under th e d t t c ~ t *on ot t~sc %Ah Stu dy
Coo rdinating Co~~ltie~ , .s partnership of arsource’ planiw rs I r p ri.e.ct—
lag some 2S Federal . regiona l and S t a c e  .*~v isc1t ~~. The MAR Study
Report presents this program and the alte ntat ive s as 4 t rome~~’t ~ l~~a
f utur e action based on ~a p l$lnt nK period runnIng t h t ~~.u4% 2020 , v i t h
bench mark p lann i ng years of 19110 and 2000.

The plannin g partners t oct t r t i d  on thr ee maj or obj e t t v .~~ ——tonal Income , Reg ional D,vel~’pt~~ t .~nd Env iron menta l u.aiiIy —— In
developing and do~umcnting thy t’u rr.~ Ion wb t ch dectatun—ma kera w i l l
need f u r  mi in agaf lg  wa t e r  and relate d land reso u t in the 1st t ~- v .  .~t ~l
the people of the North At lantit Re~gi~at

In addition to the NAR Study Main Repor t and Annt ~~~~~~ there are
th e following 22 Append ices :

A. History of Study
B. Lconomic Bas e
C .  Climate , Meteorology and Hyd rology
0. GeoLogy and Ground Water
E~. Flood Dam.ige Reduction and Water

Management for M.,~~’r Rivers and
Coastal Areas

/ F. Upstream Flood Prevention and
-~ / Water Managa men t
Jl C. Land Use and Managemen t

LIlt H. Minerals
0% z. Irr igat ion

i~3 J. Land Drainage
j~irIr,C*9~t S~at... K. Navi gation

______ L. Water Qual i ty  and Pollution
~~~~~~~

‘ 

~~~~~
‘
~

‘ N. Outdoor Recreation
N. Visua l and Cultural Environment

~~~~~~~~~~ *~~(*SlLIT? 
~ 0. Fish and Wildl ife

£ •“ tii $ ~~~~ P. Power
Q. Eros ion and Se’dthentat ion
R. Water Supp ly

~~~ S. Legal and Ins t i t u tiona l  Environ ment
T. Plan Formulation

______________________ U. Coastal and Estuarine Areas
V. Healt h Aspects

~~~~~~ - ~~~~~~~ - ~~~~~~~ - ~~~~~~~ ~~~~~~ _  ~~~~~~~ - ~~~~~ - -~~~~~~
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The aint ra1 in t lu ;t ry  or ~~~~ . ~lurU. Attain Ic F~t- gIora Is i~~~opt n:~tto I oth the local anti • t . -  n~a~ ioi ia.i eeO no.~’ , W X  Lii f~~’ ~~ pr(ad t4~- t
val it? 3 at $1.3 b i l l ion  in L ’7O . The tead,inii~ eoImao4Atj~s w~ r~anth racite , b itumi z~~us coal , cew~nt , crusne d S t i z i t• , p~j l  ~tuad ~~~~~

~~~~~~~~~~ ~‘h~ high—level pr iduct ton of cons ’r I ota mstcrj ia l~; r’- f~ te ta
the . t rb an—j ndu str faj  denai ’~y of ‘lit- Region . Other i m - r t a~ ” r inert ,)
comsodj tj e .~ ~~ r’ i ron ore , 11am , diaenr ion  .~t s . ’- , ‘it-ti z in c .  Future’
rainerai product ion potertt lm.1 is good wi thin  t h t -  Retrion ‘an d the
openi c~ ~‘ of new ml nes can be ti t Ic I petted. 1’, chnol il c we lopw ti t a
In ininerul extraction end ; r ~t° . s i r ~ ’ will  plt*y a part in exp’a!~l i r 4 g
thi ’ developnent of mi neral resources , but a t imot ’~t 1 of such c~~ q ’ g
cun r~~t be rut-I .: at r~ - ; ent .

An ‘i i.’ i uate wat er supply L~i essential ‘-~~~ thr r ’iu~~ 1on ~
ri :;’. ml ne rta.l comsod it lea , end mineral depos I t :~ ~~;. ~arel ly not cr11 -
side red to be vi able if water is not avai lab le . Miner al  r ’~~C$I it.*~’causes l i t t l e  consu~~ t iye loss of water but , l ike  all ua~ u ~~

‘ 

~~~~~it degrades the quality to sone degree . The ext . ’nt  of degradat ion
of procez s water can be mainta ined w it h i n  tolerable l imi ts. ~~~
presence of sul fi de minerals in and adjacent to the mi neral t 4- i flc~mined has cause d serious pollution problems locally and , i~. ~case of coal , many miles of streams have been n ’iv. r: :ely otfect . 1 .1
Depleted and aban done d coal mines are th.’ principal contrib ~ r~ of
water pollutants at present . ~tat e agencies w i t h  Federal hel l  have’
programs izidervsy to abat e pol lut ion from abandoned mines . Adeqwa ’ .‘iy
enforced regulations and preplann ing to avoid pollu~ i~i-. can r~i n i r ,z e
degradat ion of water t~r o~~ratIng mines . Preplanning should include
provision for an effective ~J1utdown program designed to prevent ¶ lae
mine and waste pi les from becoming a pollution source when the mi ne
is cløeed down or abandoned.

~~Arean and sites known to contain minerals hav e ~~c. I - - r i L •
and shown on maps to aid fut ure planning for individual riv’-r ba~;ir~~.Principal emphasis has been given to those minerals wh ose recovery
requires the use of water or may affect water, Of special c o r v e r f l
to planners will be the availability of low—priced construction
materials vithout which economi c development is retarded. In S’ rv
of the Basins of NAR , construction materials are in short supply at
present , and - importat ion of these comeodi ties at higher  cost viii be
necessary in the near future .
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CHA.FTI~R 1~
I~ 1l’ i*JCTrc ~

Th~. s report has been compiled by the Un**.e4 Stts ~~~~ .røa u !

Mi!ie~~~it the requt•~ t of the U.S. ~~~ ~r;-~~ r }z.~~urer~s , at~d is
general ~tl’11raiiIL l of the !Tt~r~eral re u-~~ s of ~~~~~~ Nort’ A ! lande
Ht•~ jon (NA B ) .  Data 4rr~• compi led on the .~~~er-rel~s’ed ~~neral
comznodi’ les end t hei r  rt-~;uur~rs. Eaphasis ~~~ ; l eieed on those
~Unerais whose pr iuction ~r ~r cessing involves the ust or signi-
f ican t ~ua nt It ie. of wat er, or ff4y cause vat.r pol1~~ Ion , r

~ sou l ~‘t it e disposal problems.

The ~;tt~dy ~~ver~ U;.’ aIner ~ 1 industry In a l l  N .~v )~.n,I ajijStates , ~1~ w J ersey , Delaware . and those port jog. r !~~~
~“nr~~y1vania , ~‘~tr~,land , iirp r inia , and W . • t t  V i r . f i n j a  that are i t  ! li*~
New En~’l.and and Middl e Atlantic Areas ‘~stablIshe~ by t he ~~~~~~
Resources ,i ur il and designated as ‘~~e !1or~~ Atlantic lc~g1c~~ (ft.! .
11—1). The study includes the ana lysis of dti ’ a on ~a~~-r use by t.t. .-
min i~.~ industry and i ~ vast.• water disposal r .t 1’.,.

General 1oca 1itiet ~ where mir cr*il depoeit3 occur In the ~e~1otj
are ii 1 r’i . I. The relat ionship ‘f  miner i l  y r c ’i ’~ - i  ion ..O water
resource..~ has been stressed . Distrihuti- ? of fuels end mirer,il~ .metall ic and nonmetallic , and the u’ look f~ r their  use are descr It c , d
briefly . The problem of pollution includIn4.~ coal mine drali-.aqe i~briefly discussed .

Data were compiled on the quantity and val j of mlnc’rals
produced in the Region in 19614 . In some casez -~r~ recent data have
been added in the text . Time end funding lid not permit complete
updating and revritir.g to present ~~re recent ia!a. However ,
a table was prepared to show value of mineral productIon for ~il1counties In NAB in 1969 and 1970. Water u~~~- data fcr 1962, obtained
by canvassing mineral producers , were used to estimate future water
requirements based on projections of mineral production , ~r in some
cases, the best professional judgaent available.

All data used In the report were obtained from Bureau of ~‘i~~ s
publications and files, and from other Federal and State report s.
No field examinations of mineral occurrences or mining operations
were made.

Most of the data presente d are as complete and broad as
possible, and the report is not intended to be a detailed coixmtodity
or geologic report, nor a guide to exploration . The information
presented 18 intended to meet the requirements of the North Atlantic
Regional Water Resource Study planners and serve as a basis for future
studies of mineral resources as related to water resource development
in the Region. Later studies of individual river basins in the Region
VIII require a comprehensive and detailed report on mineral resources
end their relation to water, the econo~ r , the environment, and land
use.
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CHAPT l 2

I!~W0RTANCE OF THE MT N I~RAL INDIJ~~ RY TO TIlE ECONOMY OV THE t€G ION

SIZE AND I MPOHTA11CE

Val ue of mi ne ral, production in NAB in 19614 w~~; $1,167 mi llion ,
about 5 percent of the United St~ ’ ~‘s total of $2O,h7~’ million .Of the non met allic mi neral eusssodities produced both regionally eul
r~ational ly , nearly 1) percent or the i~at io~a1 non-i tals val ue wa~
credited to NAB (Table H—i). The principa l mineral eomaoditiee mined
in the Region , in descendit~ ~rd’~r of val ue , were stone, cement,
san d and gravel, coal , I ron , and Sir , In 1970, value of mineral
production in NAB totaled $i,.~~ 

- Ilion , 14 percent of the United
States total of $29,791 million .

Co~ iodities produced in NAB , each of whoc.’ value exceeded ror .
then hal f of the total value of United .tates product ior.. wer~
api i te, ant hrac i te , asbe s tos, coba.l t, emery , garnet. gre ensand marl ,
kyan I te , mangani fe rous resi uum , t I tent um con c’ • rat v’s , and
wol]astonite.

Coal. and natural gas made up nearly 25 perce ~ • he ml n” r il
value in NAB ; crushed stone , 21 percent ; cement, 20 j.rr.rt ; end
sand and gravel , 12 percent . Metall ic mineral prod~~ ion ccour ed
for only 10 percent of the total value. Table H-i shows 19614
product Ion and value of mineral co~~od i t  i es In N Al 11, for comparis on ,
data for national production of the same minerals. ~ak 1e H-2 show:;
1969 end 1970 value of mineral production by counti es in NAB with a
listing of 1970 minerals in decreasing order of value.

According to the Office of Business Economi ’s , United State s
Department of Co~~~rce, ~~re than 53,000 people were employed In the
mining indust ry in NAB in 1960. More than hal f the mineral in l it ry
employment was concentrated In the Susquehanna (Basin 17), and
Delaware (Basin 15) River Basins and was attributed chiefly to coal
mining. The re mainder of the mineral indu s t ry employees are dist rib-
uted throu~~iout the Re gi on and are engage d chiefly in St r~ ’ quarr ying
and in the mining and processing of ~ nd and gr avel.

ItJTURE DEVELOPMENT

In the United States , populat ion growth and increased I n~omehave be en accompanied by Increase~ mineral consumption . The Unite d
States accoumts for one—third to one-h alf of the ncm—Comauniat
world’ s total consumption of the principal mineral com )dities .
The consumption of metal s , nonmeta is , and fuels is expected to
increa se through the year 2020 .

H -  2
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TAB LE 11—2

Value of Mineral Production in forth Atlan tic Region 1 by eoum tIe~

(thousand dollars)

Mirersia r duced in 1970
Stat e and County 1969 1970 in orde r ~ value

Mai ne
Androscoggin $ ~59 $ 885 Sand and grave l , clx,-:;
Aroostook 6613 633 Sand end gravel
Cumberl and 1,7147 2, 1372 Sand and gravel , stone , clays
Franklin 215 W Sand and gravel
Han cock U 6 3135 Copper , zinc , s’~i.~ and gravel,

silver, peat, clays
Kennebec  691 i,086 Sand and gravel, atone
Knox U V Cemer.t, stone, sand and gravel
Lincoln 1140 U San d and gravel
Oxford 323 223 Send end grave l , feldsi*r ,

bery11i~~
Penobscot 812 725 Sand and gravel
Piscataquis V U Ston e , sand and gravel
Sagadali oc V W Sand and gravel
Somerset V U Do.
Waldo 331~ V Do.
Washington U W Sand and gravel , peat
York 712 V Sand and gravel
Und.tstributed.i/ 13,988 11,1310

New Hampshire
Belknap U U Sand and gravel
Carroll W V rand and gravel, stone
Cheshire U W Sazvl and gravel, mica
Coos 171 l81~ Sand and gravel
Grafton 677 677 Sand and gravel , stone , clays ,

mica
Hilisboro 2,513 3,086 Stone, sand and gravel
Merrimack 2,280 2,051 Sand and gravel, stone
Rockingham 959 900 Stone , sand and grave l , clays
Straffo r d 256 275 Sand and gravel, clays
Sullivan U lIe7 Sand and gravel
Undi.stributed.i/ 1,265 l,lelO

Vermont
Addison V 128 Sand and gravel
Bennington W 610 Do.
Ca].edonia U V Do.

H -  6



V~-~L~ H — .’

V U  u’ ~ Minera l  I’roducti n Ir~ ~krt -~~ At lanti ’-  ~~~~ ~~~~~ by counties
(e~~t inued)

C ’ houaand dollrtrs)

!-‘ .~~~~
. r .s ;r’luc’ d 1!. I~fl0

-~~~- ‘t ’~ and ( ounty l’~ ‘ 1970 i~. ~rd~r ~f v’tju~

V .-r~’er t (cony i nued)
C L i t t . - r . L i ’ r4 , 3113 $ 938 . ~~~ ‘u~I ~.r~ v •- l , ~none , .. U Sand ‘and - r ’ -~’-l
Frank Ii ri ~. Jt Ois ’ , ~. ~u~ 1 and ~ r’~ .-

Gran d Isle  
Lwnoil Ic U a Tal c , sar. i and ,‘r~v’-l

~ 

~~~~~~~~~~~~~ ~~~~ ~~~~
)r L.-~tr U V Asb.-: t~ , ~::~nd ~ij ,-r :~v’- I

Rutland U U St -me , sand and . r ~ -. 1
Uashir.~~~n U U -

Wjndhan , U U . ,j,-f and 9ravel , t t ]~~
U inds r U W Talc , ‘ zie , s~u~-1 an -r -~-.~ 1,

1’• • 1y
Undistribut - -cIAJ ~~~~~~ . t ,167

Massa c huset t ~ ;
Barnstable U 6013 -t~.d ‘tn d gravel
Be rkshi r’ 8,321 8,211 t. ~~

.- , lime, sand ,J. i

Bristol 3,626 3,9139 Sand ~Ln-~ gravel, ‘

Dukes U V San d rind gravel
Essex 3,802 3,981 Stor e, sand and gravel
Frankl in  1,158 1,521 J tn d and grave l , stone
Hampden 14,1323 5, 210 Stone , sand and ~~~~~~
Htunpshire 608 622 Sand and prave l , ~ton’-
Middlesex 13, 6138 13,800 Stone, sand rin d gravel
N antucket  13 6 San4 and gr - iv ’- l
Norfolk 5,5 136 5, 667 Stone, ;‘~nI and ~‘r- t v -- 1 , clays
Plymouth 9913 9~~ Sand and gravel , clays ,
Suffolk 1353 821 St~one , san d and gravel
Worcester 5,716 13,023 Sand and gravel, stone , peat
Undistributeci!’ 1,5146 1,011

Rhode Islan d
Bristol 
Kent 1,701 1,628 Sand and gravel
Newport W W Sand and gravel, stone
Providence 2,022 2,032 Do.
Washington U V Ston e , sand and gravel
tJndistributedW.. 710 726

1 1- 7



TAB LE H-S

V t ~ ‘~ of Mineral I rudu’t i’ in North Atlantic Reglo~~J~ -~i’~ ~~~~~
riued)

( i. ’ ;  ~x r d  d’ 11 ar-
________________________________________ —- 

Mi nerals ~r ~u~ ’d  in  1970
~~~ and . ‘ unty l’)( ~ 1970 in r 1’ r of value

- ut
Fai r f ie ld  $ 1,1614 $ ~3(. .~~x i  and gr ave l
Ha rt fo rd  8 ,°i~ 8,801 . ‘ - ‘n ~~, sand and ,~ro ve ] , ~ 1~i,y
S i t ch f i e l d  3, 1’~’ ,1486 .

‘ 
, sand ~~~i ~~r ’iv ’ 1, I n’,-

Middlesex 1 , ‘~O1 1 ,7137 F e ld sr ar , sar i and rruv ’ l ,
clays , f l j (~~j , tun e

: ; . - ~ k:r~vt’r ‘i ,167 9 ,679 :Lon e , sand and ,‘r ’~v ’- 1, C

~I ( W  London 1 ~~~ 1 , 310 : t O r l #  , sand ari d ~‘rIiv ’-
1 1 ~z J  ‘U U ;

~iri I and gravel
11a m U W ton e , ~ij d and grave l

IJr 1 i ~; t  r ib uted..~./ .  2,, ’Y) 2 ,1.S li

!tj 1 i J J  W U ( , r ~,-! t , , :~ t o n ’ - , clri ,’ .
sand arid ~r5iv! 1

r onx  . . 1,(1( 1,210 .~ uri arid rravel ,
U 1,14914 Sand and , - r ~tvr ’1
W 299 Do.

- 
~ - ‘-~~- ‘ U U Stone , sand ‘~~d 1 r :tvi’l

Col i r - J i a  U Cement , stone , ,;:tr i and gravel ,
c1ay~W U Sand and gravel

. ‘- l awa re 1 ,39 0 1,503 St one , ~ ir.c1 and ~‘rrj ve1
U V Do.
U U I ron or ’- , i l me n i t e , sand and

grave l , wo l l a s ton it e , s t n e ,
garnet

! r ank l i ri U U San d and gravel , stone
F~i1t ,on 193 228 Do.

21,5

~

3 19,99 14 Cement , stone
H amilton 
H erk i r ~’ r W W Stone , sand and gravel
K i n g ~ 
Madi ’.on 838 V Stone , sand and gravel
Mori t~~~rn. ry U U Do.

14 ,

~

68 U Sand and gravel , clay s
S w  ‘1 rI’ 

s , 14 39 W Stone , sand and gravel
I ,~)6 3 V Sand rin d gravel , ~t.one, peat
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:-AN .~. H- .;’

Value of Minera r I u ~~ - , r i  in Nort h At lan t. i~ 1~ -~ i on Ly -u~~~~’ .~
Ccont inued)

(thousand dollars )

Minerals uroduce d in 1 )70
State and County 1969 1970 in  - r 1” r of valu ’

New York (continued)
Otse go V $ 152 Sand wid gravel
Putnam V U Do.
Queens 
Rensselaer $ 1,158 U Sand and gravel, stone
Richmond U
Rockland 9,1352 9,701 Stone, sand and gravel
St. Lawrence r/36 ,1332 33,671 Zinc , iron ore, talc , stone,

sand and grave l, lead,
silver , mercury

Saratoga 1,357 W Stone, sand and gravel
Schenecta~ r 5145 13~8 Sand and gravel
Schoharie V W Cement, stone , clays ,

san d and gravel
Steuben 1,080 V Sand and gravel, stone
Suffolk 13,153 2,1143 Sand and gravel
Sullivan U V Stone, sand and gravel
Tioga 13142 6013 Sand and gravel
Ulster W V Cement , stone, clays,

sand arid gravel
Warren W V Cement , garnet , stone
Washington 1,302 V Stone, sand and gravel
Westchester 809 W Stone , sand and gravel , emery ,

peat
Undistr1buted.~

/ 1131,278 163,1309

New Jersey
Atlantic 516 2514 Sand and gravel
Bergen 1,9141 1,7149 Do.
Burlington 1,8142 1,700 Sand and gravel, clays
Camden 2,092 1,256 Do.
Cape May V W Magnesium compounds , sand and

gravel

Cutherlan d 12,579 11,960 Sand and grave l , clays
Essex ~~ V W Stone
Gloucester 559 573 Send and gravel, greensand marl
Hudson V W Stone
Hunterdon V 3,253 Do.
Mercer W V Do.
Middlesex 2,1421 2,0143 Sand arid gravel, clays
Monmouth 1,201 1,3~47 Sand and gravel

- H - 9  
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TAB LE H-2

Val ~‘- of Mine ral F roduct ion in Nort h Atlantic 
~~~~~~~~~ ( - ) W i ti *~( con t inued)

(thousan d dollars)

Minerals produced in 1970
Stat e ‘u.d Coun ty 1969 1970 in orde r of val ue

N ’u  Jersey
(continued)

Mor ris $ 7 , 5 ( 5  $ 7,135 Sand and grr~v”1 , stoneOcean 6 ,0130 13,i68 Sand and gravel, i lmeni te
Passaic 5,838 6,1913 Stone, sand arid gravel
Salem —-
Somerset i13,~o6 18,1336 Stone, clays
Sussex 13,360 i5,i13i Zinc , stone, sand and gravel ,

lime , peat , man gan i ferous
res iduum

Union V V Stone
Warren 938 1,832 Sand and gravel , peat , stone
UndistributedV.. U ,5133 11,6130

Pennsylvania
Adams V V Stone, lime, clays, sericite—

s chi st
Bedford V V Stone , coal , lime , sand and

gravel
lierks V V Iron ore, cement, stone, clays ,

coal , sand and gravel,
pyrites, cobalt

Blair 2,138 2,110 Stone
Bradford U V Sand arid gravel

• Bucks 12,376 W Stone , sand and gravel , clays
Cameron 
Carbon 5,1350 5, 318 Coal, sand and gravel, stone
Centre 21,808 23,581 Lime, coal, stone , clays
Chester V V Stone, lime, clays
Clearfield 27,5614 313,372 Coal , clays
Clinton V V Coal, stone, clays
Co1un~ ia 3,982 V Coal, stone, sand arid gravel,

peat
Cumberland 3,021 V Stone, sand and gravel, clays
Dauphin 3,253 W Stone, coal , sand and gravel,

clays
Delaware V V Ston e
Franklin 1,581 U Stone, sand arid gravel
Fulton V V Do.
}luntingdon V V Sand and gravel , stone , clays
J un iata 
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TAB LE H-2

Value of Mineral Production in North Atlantic Region, by counties
( continue~ )

(thousand dollars )

Minerals produced in 1970
State and County 1969 1970 in order of value

Pennsylvania
( cont inued)

Lackawanna U V Coal , peat , san d and gravel
Lancaster $ 10 ,7914 $ 10,1399 Stone , coal , clays , sand t~nd

gravel
L eb an on 23,850 V Iron ore , l ime , coppe r , stone ,

cobalt , pyrites , gold ,
silver

Lehi~~i 313,6514 32,8132 Cement , zinc , stone
Luzerne 37,769 35,212 Coal , sand ari d gravel, stone ,

peat , clays
Lycoming V W Stone, san d and gravel, coal,

tripoli
Mifflin W W Sand and gravel , stone, lime
Mon roe 869 V Stone, san d and gravel , clays ,

peat
Montgomery V V Stone , cement , lime , clays
Montour W V Stone , lime
Nort hampton 60 ,8214 63,992 Cement , stone , sand and gravel
Northuntierland V W Coal , clays , stone

• Perry W W Stone
Philadelphia ——— V Sand and gravel
Pike 
Potter 107 93 Stone
Schuylkill 131,2131 V Coal, stone , sand and gravel ,

clays
SrWder 398 W Sand and gravel , stone , coal
Sullivan 160 9613 Coal
Susquehanna V 606 Stone
Tioga W W Coal , sand and grave l
Union V V Stone, clays
Wayne 632 V Stone , sand and gravel, peat
Wyoming 1,322 V Sand and gravel
York 14 /10,226 V Cement , stone , l ime , clays ,

sand and gravel, mice
Undistributed~/ 2143,839 399 ,9149

Delaware
Kent V V Sand and gravel
New Castle 1,588 1,087 Sand and gravel, clays
Sussex W V Sand arid gravel
Undistributed~/ 1399 527
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TAB LE ~{-~

Value of Miner a.1 Production in North A t l a n t i c  Regioi .~~ by counties
( cont i nued)

(thousand dollars)

Mi neral s produce d in 1970
~3tate and County 1969 1970 in orde r of value

Maryland
Allegany $ 2,520 U Coal , stone , sand ari d gravel
Anne Arundel 2,595 $ 3,312 Sand and eravel
Baltimore V 15,1407 Stone, sand and gravel , clays
Calvert U W Greensand marl , sand and

gravel
Caroline V 25 Sand and gravel
Carroll V V Cement , stone, clays
Cecil 6,333 6,7714 Stone , sand and gravel
Charles W V Sand and gravel
Dorchester 91 9]. Do.
Frederick 9, 867 9, 0143 Cement , stone , clays , lime
Garrett 4 ,589 6 ,657 Coal , stone, natural gas , peat
Har ford 1,1489 2 ,302 Stone , sand and gravel, clay s,

talc
H~~rard V V Stone
Kent 63 V Clays, peat
Mont gomery V W Stone
Prince Georges 8,1477 8,790 Sand and gravel , clays
Queen Annes 
St. Marys V V Sand and gravel
Somerset W V Do.
Ta.lbot 31 V Do.
Washington V V Cement, stone , clays,

potassium salts
Wicomico V V Sand and gravel
Worceste r 6 13 Do.
Und.1stribute&i 147,1322 35,802

Virginia
Acco~~ck 22 W Sand and gravel
Albemarle W V Stone, sand and gravel
AUe~ i.ny V V Do.
Amelia 
A~ ierat V V Titan ium concentrate, sand

and gravel
Appo~~ttox 75 30 Stone
Arlington —-
Augusta 952 868 Stone, sand and gravel
Bath 1 

~~ 
Sand and gravel

Botetourt V W Cement , atone , clays
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TAB LI H—2

V d u .~ of Min, r~ 1 Product ion in N~ rth At iwitic }~egion, ~y coi~.’ ies( continued)
(thousand do11ar~ )

Mi ri. rals produced In 1~iT0
;tat . and County 1969 1970 ir ’ r I . -  r of value

Virginia (continued)
Buckingham $ 13,501 U Kyanit e , stone
C’iroline 213 U Sand and gravel
Charles City V U Lu .
Ches ape eke

(city) W U Cement
Chesterfield 3,162 $ 3,619 Sand arid gravel , stone , clays
Clarke U U Stone
Craig U U Do.
Culpeper V U Do.
Cumberland 
Essex 
Fairfax 5,381 V Stone, sand ari d gravel
Fauquier V U Stone
Fluvanna V
Frederick 5,537 5,5013 Stone, lime , sand and gravel ,

clays
Gloucester 
Goochiand 2,13014 1,767 Stone
Greene 
Hampt on (City) U 7 Sand an d gravel, stone
Hanover U U Aplite , stone
Henrico 3,367 3, 059 Sand and gravel
Highland U 16 Stone, sand and gravel
Isle of Wi~~it 223 202 Sand and gravel, lime , stone
James City 
Ki ng and Queen. . .
King George U U Sand and gravel
King William U V Do.
Lancaster 
Loudoun 13 ,569 3,99 1 Stone
Louisa W W Do.
Madison W V Do.
Mathews 
Middlesex U U Sand and grave l
Nelson W V Stone, aplite
New Kent W U Sand and gravel
N ewport News
(City) U U Do.

Northampton 5 U Do.
Nort humberland 8
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TAB LE 11-2

Value of Mineral Pruductioii i n  :~~rth Atlantic Region1 by cowit ~ e~
(continued)

(thousan d dollars)

Mi neral s prs duc.~d 1n ~ 1970
State and Connty 1969 1970 in ur’l r of vt l u’~

Virginia
( cont i n ued)

Nottoway U U Stone
Orange U U Clays
Page U U Ston , sa.n 1  and gravel
Powh at an 
Prince Ed.rard U U Kyanite , stone
Prince George U W Sand arid gravel
Prince William V V Stone, clays
Rappahannock U U Stone
Richmon d 
Rockbridge $ 901 $ 823 Stone, sand and gravel , cl’~~:
Rockin~~am 1,529 W Stone, sand and gr avel
Shenandoah U U Lime , stone
Spotsylvania V V Sand and gravel, stone
Stafford V 1360 Sand and gravel
Surry 
Warren V V Cement, stone , sand and gravel
Westmorelarnd V
York U V Sand ari d gravel, stone
tjndistrlbutedV 1414,801 59,317

West Virginia
Berkeley V V Cement, stone, lime, clays
Grant 11,706 W Coal, stone
H ampshire 
Hardy 35 133 Stone
Jeff ~ rsc1l V V Stone , lime
Miners.] W V Coal, stone
Morgan W V Sand and gravel
Pendleton V V Stone , lime
Und.istributedlJ 32,263 148,176

Tot al North
Atlantic Region.. 1,209,103 1,2914 ,900

U Withheld to avoid disclosing individual company confidential
data; included with “Undistributed.”

r Revised.
1.! Includes value of gem stones and sand and gravel that cannot be

assigned to specific counties, and values indicated by symbol U ,

H -



TABL1~. H-S ’

Value of Mineral Production in Nort h A t l a n t i c  R eglcx 3, by countie s
(continued)

2/ Includes value of gem stor ~.’.~ that cannot be ‘t ;s igned to ~pecif ic
counties , and values indicated by symbol U.

3/ Includes value of nat ural gas and sand and ~r~tv’ l that c i r ~~’ be
assigne d to specific countii .;, some salt i n . pt~r~phera1 c

and values indicated by :yr~’J ol U.
13/ Excludes cement and lime ; included wi th  “ U n d i s t r i b u t ~~I.
5/ Includes value of natural gas that cannot L’ as~ igeed to s1, i~ ir

counties , some bituminous coal in per iT h ’r ’d  counties , and
v~i1ues indicated by symbol U .

6/ Less than 1/2 uni t .
j / Includes values indicated by symbol V .

.
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Although the u~;~ of synthetic or sub~ t j t u ~~ materials may
grow , product i on of mineral conmi od iti es w i l l  in r ’~ase br ’~.’e ri x . ~
arid the year 2020. The anticipated annual incr. 1t~e in th~ ~ross
Nat ional I roduct (GNP) is 3.8 percent, aboUt t~~ ce as greet as th e
expected future growth of popul ation , 1.55 perce nt . Futur’-- a.nri uu..1
growth of the mineral industry , as in the ; ntst , is ‘~xpected to n .
less than that of the Gifi . !1

In NAR the rate of growth for the n i n ’ r ~i 1 indus t ry is expected
to be less than that for the United States as a whole . The mineral
industry ’s labor force In the Region has decn-~’ased in-. recent yeltr :
but prospects are good for a slight increase it presently known
mineral resources are deve loped and new d-po~ its are found .

NONMETALS

Continuing highway , industrial , cornmt -rc ’ia l , and re :I’~ -r~ ial
construction caused by our expanding economy wi l l  resul~ in
increasir~u~ demand for nonmetallic mirw rals such as cement , l I r - , clay ,
crushed stone , and sand and gravel. Various Federal , “ at ’- , ~c d
privat e construction programs will continue to consume l a r - ’ quanti-
ties of sand and gravel arid crushed ston 1 for :tg~ regates and r ri .~r~t
With the spread of population aroun d tarp ’ metropolitan are as, some
parts of NAB may experienc e shortage s of dcsl rable aggre gate
material . Demand for construction m a t e r i a l s  will increas~- and areas
of production will  shift  due to deple t. i - ’ n  of r.-~sources arid i n -reas i ng
urbanization . Needs w i l l  be supplied b:, more costly alt errr f ~ ‘~~tcr lal
such as stone sand where adequate sand i ’ d  gr-ivel d~-posi(~ are un-
available. Within the ~xt 50 years az. it. j r inn source 1 ~- i r - ~ ‘U

gravel as well as other materials may be the Continental Shelf al on g
the Atlantic Seaboard. A~~regate production is expected to more
than double by the year 2020 . Industrial growth nat ionally as well
as in the Regi on will expand markets for salt , feldspar , tal c , and
other nonmetallic minerals as well as c nent and lime . However ,
regional production of some nonmetals such as feldspar , py rite , and
Icy anite may not keep pace wi th the nat i onal economy . These minerals
could be affe ct ed by substitute or synt t~etic materials arid alternate
sources of supply. The principal mark ’ ts for feldspar are In the
glass , potte ry, and ename industries lut to a substantial de gree
aplite and nepheline syenite are beir~ used as substitute materials
in these industri es.

Large ~~posits of write and pyrrhotlte In Maine , New York ,
and Virginia have been estimated to contain more than 140 million tons
of sulfur. However, only those deposits which can be mine d for
ni cke l or coppe r are likely to be exploited. Frasch sulfur from

1/ Landsberg, H. H., Natural Resources for U.S. Growth, A Look
to the Year 2000, Johns Hopkins Press, 1965, p. 81.
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the Gulf States and elemental sulfur recovered tr ots re f in ing  cru,lr
petroleum in ~~ ar e available a’ lover cost than sulfur produced
from py-rite . Pollution control legls la ti1  may resu l’ in the
recovery of si~ rniflcant ~niantities of sulfur from stack ,iases at
power plan r s  using sulfur bearing fuels. Ther e-tore , it is unl ikely
that the large reserves of py ri te and pyr r hot ite in the Re gion . 1 1
be mined for sulfur alone in the foreseeable future.

Adequate reserves of kyanite are indic~~ ’-1 In the iwgion. , hut
it is anticipated that production will not ex; ar . i substantially in
the  future. Kyanite is used in its natural form and as a mu l l lt e
refractory after conversion by heating , but most mullite r o ~ used
in the United States is produced synthetically t’rr~ beu.xPe.

F~~LS

The United States will continue to depend on ~ sail fuels r~r
energy in the future. Our continuing growt h in population and per
capita energy requirements wi l l  result In greater fuel consumption .
Most electric power projections for the United States ind icate  a
doubling demand about every 12 years for the next 50 years.
However, there Is -less agreement on the part to be played by the
several fuels that will be used to supply the increasing demand for
electric power . Coal production Will depend on the availability
and cost of oil, natural gas, and nuclear ener~ r. Legal restraints
such as limits on sulfur in fuel or the prohibition of strip mining
also may affect coal production . Bituminous coal’s share of the
total energy market is expected to decline because of future nuclear
power generation and greater use of oil and natural gas . The use of
bituminous coal for power may double in 50 years, while power
generating capacity may increase as much as 1.6 times during the same
period.

The outlook is mixed for the production of fuels in NAB .
Reserves of anthracite , which is mined only in the Susquehanna and
Delaware River Basin portion s of Pennsylv ania , are adequate , but
demand began to decline after 1917 when peak production of 100 million
tons was reached . The downward trend continued to the 1970 output
of 9.7 million tons. The decline is continuing but production is
expected to level of f at about 3 million ton s per year Within
30 years . The decline is attributable chiefly to the high cost of
recovering anthracite from deep mines which have been inundated with
water from previous workings below the water table . The expense of
pumping ~znd neutralizing acid water from underground mines has caused
the abandonment of hundreds of mines. Stripping operations also
entail high costs because of the terrain and the steeply dipping
and folded beds which contain the anthracite reserves.

Reserves of bituminous coal are adequate. However , future
development of underground mines will depend on control and/or
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al. ‘ ‘ ~~~
- ‘~~~ -~~ ~

‘ aci l tsiri.’ drainage az.i ~.uL slth-z. - ’- ~.- ‘.elo p~~ nt of c t r ip
~- :ir. ’-~: will lt - p er ._ t  On .tr’ol V .I ar.U U i . . t u r t - b z . ~ e , - t~~.-t,r- io l i u  ion. ,
‘c - i o u t  n~ ’ :.. ‘I’hv ,r r uw ’ !. of h t h  types of n. ..z ,~ sa. .r~
a f t .  - ‘ e.1 ty ex1.~ inig an ~ t-.fure legislathn . re es’.i n*~ tt . - ~~~ t~ir
L - r . t e ~n ’. . t  f u . -i s  ,,j ..x the s’or age and u’. ~ ~1 zat ion &-i V wn Ii t *-  r a~ ‘ r ial

n~ nle~ and . r.’~ ar ’a’ Ion p .ant s

F roduction o: nat ~z - n& ~ ~~~~~ in hA!’ o. . h i -e t .  r i n or  ~c.

C ’ - C  v’ ry ~~nc~ t een in.~i g:.i fic-an t . ~ ut ui”- l”velq n .-r .t of im~’.~-~ an ’
C’ - --rvt- ; or - ‘ rolt’uzn and natural gas ‘

~ ; ; ‘ a z - 1 i s ’~~y except for
possit.le discoveries :&~ dee per ‘ rat ~~v’rtpt2I c hor i :~o. . or or. ‘h’-

I r erz _ ’L .  . 1 V . ~umerouZ g.’cpiy I ra~ ~.urvey - ht& v~’
~

- :. .~ct.ei oVf~.h~re, and 011 co~ c .
~~~. La-. I: . - • lr.t . r,o:t in

~ :.  ~- -r’ I r i l li : ,-’ . h i t s ~ ‘et,tia.l. rer _ :-c*~ h’ ~~~~~ t .- •‘yt~1uat . 2 , * U.
t .~. r’.-gar I er~vi r~ z.r • t~~. 

• 
~
.. .5.

i’Lt- ~o g i u r. hit. . t pro.luct’d ~~~~~~~~~~~ 
j  ~~ min ’-r al :  in q . .c ’. • tI~•~;

c r . ~ :tratle to sor~t’ other part s of the .‘ ion •‘v’~ri t) .uugi. : - ‘-

poIuJ at or ii .  t h ’  Regi ~:. affords a go I ~~‘tr ~ .
• . a - ‘c. ’ ‘u-” of

i , ’ - ; L r : n - ~~s to t~.e market i: ; offset by ot ~~
‘- :-  fact r ;  - : .  a:

nnt~l d.:jo:; i ts , low grade ot  ore , ru i lack of l~c. availabi ’  V r
eXploration.

The ~u look for the production of me t~ 1iC n l n c r a~s in NAJ~
d’ pends :. t ::e development of • - : - : .  -.. 

~~
. ly attrac~ ive r .-~ ~r.  i- ’ ,r

non ferrous metal s , the ::ma~1 r umh .’r of t’r~-1-u::~-r : arid the la cy ,  of i ; —
~ r a t  ion on ore r” :;erve~; mak e projections rr.Isleaii :.~z . :.‘t .lonally . he
deman d f r  rr..-tal s will ~ r ; w  and keep pace wi th  ex~ .’cte i i g n c r - a :  ‘s  in
poj i’i~ fl arid ~.I . I roduct i ’r .  of iron ore , ‘he p r i nc l ;:i . r.’- ’ ~~l r

r~ . produced in ~AB , i~ expected ~-c cor. ’ - :.~~~ ‘ - .‘ -ur r ’-nt  l . v ~•~ j  or
i:.croar’ €’ s1ig~it ly in i . ’  future . The ‘ eel industry in  recent years
has f o o d  an economic advaz .tag e in the ~:;c I h i  gh.’r g.:-a~i.’ Imi orted
i ror . ore , and the importance to th e  . F t t i  I, of i ron ore rud u ct ion  I n
:;~~ has diminished .

Zinc production will continue to be an integral part of the
!~‘-g Ion ’s mineral economy. The 1ong~terTh upward .rend of ; i r c con—
swr.~ tion iii the United .

t ates iC expected to continue arid r’- lUct or,
V ror mines currently in operation as well as ~ron anticipated new
deposits is expected to maintain the Fo-gi r ’s present :~~. :ti- ” of t i . ’
-l omoot ic  z inc  market.

Deman d for coi J- . ’r In the U . Z . is expected tw increase.
I ro luct iot  from prom ising but undevelope d deposi . in h ew I ,IaI L1 is
expected to increase copper output f’rom NAP .

The average u.nriual rat e of increase iz.  ~ }e  deman d f~ r tj t a r uj u n ,
r r i r ” r a l s  as a source of oxide pi~ nents i i i  :.e ‘z i t e l  States from
l9~O to 2963 was ai.ou t 5 percent arid th i ’  ru ’ is expected ‘ conti~~ ”.
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I t ’ t - r ,  yea r r , u : e  of ‘ itan luini metal Laz: i,~- - z . increasinp riq
i: : !.~r ctrzd for I he r: ’- ‘ti ‘

~
‘ 11 ~‘rc ~ ‘ , i an er ’ I r i-ut ~- 1  n t  ‘ of 10 to 15

~“rc. ’nt annual y. Fur’ h’-r devel — ‘ ‘tn ~ expanded m ininr of
t i ’  ‘ i u ~ o.’pos. ’ s in NAP ‘tr. ’ t’xpe -ted .

The ii i ’ ‘1 Sta’ ‘ - - has v i r t  ual lv  no rer .-rves of d i r e - t  shi j j  I ro
h j~~. gra  t~’ ) mangane:;e ore , ~ t h ’-r~- are 1 itr ~ ’’ 1 w—~-rrtdc - I’’- : n’.

The w ‘r id :-u ~ ; ly of qual i ty  r ar . (~:t : i  se or ’- is sul. —
~ ‘t r t t i a l  o’ r houl d f r ’ - i~~r Cu l l h j e :  ~~~ l onger ( ‘ ‘ ‘ IV i lab i

i t ed ‘t ‘t • - : ;  , I ‘tr ’~’’ i.’ —g rade r ler c : ;  i t s  i i .  Aroos ’ C r ‘ ‘n. y , ~‘a i i~~:be -v.-~~-~ e I .

l . - l ’ o r i t  s of ‘ :. r -  metal , i n - I u  ( i r ~ ’ chromi ’ ‘‘ , c ‘tl
r: ly t - Ir’r:u.r , nickel , gold , and s i lver , in t h e  }‘cr ion are small or ~~~w

~-rade ~~~ w i t h  i r. I r( ’:e i .‘xr lora ’ ion t’-chn iques , addl ’ io nal reserv :
may be ar I .  I t  is  l r n h a i l i- that some ~‘f t i , i :~’’ deposits  r1iy be
m i n e d  w i t h i n  t L ’ - next 50 years .
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CHA11’Ei~ 3

RELAT I :~ OF M:~~F.RAL ol-ERATIo~r
’ 

~~~I

A few 1 rief 1’-flni’.l ri:; of water ‘ n ’- .~ usc i 1~y the B~. i ~~~
f Mine s V ‘Ilows :

New tt~~r - -W ’t ’  ‘-r is ’ roduced from ‘-x ’ erna,l souz •-~ for  ‘L’-
first time .

Recirculatet1~~~ ’. - ’ r —- W ~t’ er reused in a mi ne ci- plant to conserve
sow water.

Water Used—New wItt ’Ci ’ lus n ’ ir ~ uiated wa ’

Consu~~ d Water——Water lost l y evaporat ion or’ ,.h i N “ 1 wi ts ‘ h’

product .

Discharged .iat”r-—Water that is ne i ther r’riircul~t’’-- l s i r
consumed , but released to the environment.

Fresh Water——Water suitable for I ’oo-s t ic  -i , :e.

Saline Water——Water containing 1000 part s 1.~r n. i l l ius  - r n~’ r”
of dissolved solids .

Contaminated (Polluted) Water——Water  th at is ,iz .,uit .able for
domestic use.

WATER USE

The Bureau of Mi nes water use canvass for 1962 showe d ‘ hat • n
United States mineral industry used wate r for mining , 6 pe rce r; ;
processing, 614 percent ; cooling and condensing for electric power ,
3 percent; other cooling and condensIng, 214 percent ; and miscellaneous,
3 percent. This percentage break down can be app lied t . NAB because
water use is governed by the need rather th an th e locat ion of a
river basin.

Mining itself requires little water per ton f crude ore ,
except when hydraulickinig is used . Water Is used in percussion
drilling mainly for dust control and in diamond drilling to cool and
lubricate the diamond bit and to remove cuttings from the hole. Water
also is used to cool compressors and internal cowk ustion engines , and
to condense moisture from compresse d air be fore it is piped to the
dri h a  and other equi~aaent powered by air.

Most mineral commodities must be processed to separ ate waste
from the product. Beneficiation accounts for most of the water used
by the mineral Industry. The principal beneficiation processes for
wh ich water Is used are gr inding, washing , froth flotation , gravity
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~t ’ l r t r ’ t t  ion , si zir ,~’ , and 1 t ’~t ’ l ~irig . Discharged wat or Is usually
r• leased into :t tailings pond or series of l onds a” ’-r reagents used
in  prrr~- : ;s ing have been neutral i zed . Flocculants may be added to
promote settling V fine solids. Miner a l  ~r ’ers 1ng plar . ’ s also ~s”
water for cooling and condensing.

WATFP QUALITY F~EQU I R}~1ENTS

~Icst water ur ed by the mineral industry ii NAF is frern surface
sources (streams and lakes) ;  the remainder is frr m gr ’)’o, iwa ’ er sources
(wells and springs). Some water is pumped from mine  ; “ n i r ~gs , w h i r l
ii’ a , .‘rise are large “dug we l l s .” However , unlik e natural gn urndvater

ich generally is fresh in the Region , mine water is lik e ly ¶ - be
s t ~ ine  or otherwise polluted . Surface water Is fresh in some places ,
1 . ’ j’lluted in others. Common causes of pollution are discharge of
ch ”m ic a l  waste from industr ial  plants , sewage from m u n i c i p a l i t ie s ,
:~r . I  acid drainage from coal mines in parts ~f BasIns 15, 17, and ~9.

Water for condensing,  cooli ng, or boi ler  f - ~-d must be of the
sane quality as is required for similar uses by any industry .
Water f r  minin g (drilling ) must be free of su:;le:~iei :;u lids.

‘~ ,t ’r quali y factors are desirable but not noc€’ :~~ary.

The wat’ r- ‘jrial ity require l for mineral •neIiciat i r. plants
depends upon h~• pr - )cesses used. Most r roce~ ; i r ~- plants provide
for ‘Ut tling , if t I . . new water contains susp it h o  n o l id s .  In the
ea:~e of ;lar’its for processing sand and ~ “ave) , - ‘ - , and stone , only
‘x ’ e r s i v * -’ suspended solids would le  tr  01 ’”: ~ ~iineral processingp lants  using flotation or cherical treatment must adjust the pH of
n’-w water if it is not naturally suitable. Dissolved solids may be
a problem if they precipitate when the pH is adjusted . Treatment
V new water by precipitation (and disposal ) of dissolved solids

would add to the cost of the operation .

QUANTITY OF WATER USED

The quantity of raw material treated and the processes used
determiro tIe quantity of water required for mineral production .
The water required is not the same as the water used , if the supply
of water is limited , waste is carefully controlled and recirculation
is at a maximum .

An operation using a wet beneficiation process might be able
to operate under optimum conditions of water economy and recirculation
with less than 350 gallons of new water per ton of mill feed .
The same plant might require more than three times as much new water
without recirculation and careful use of water. An ext reme in
reported new water use would be a suction dredge which may take in
8000 or more gallons of new water per ton of raw material . Water use
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I t’. t L 1 1 L n  ,‘7t1 lo i , ~ i r ,  ~~~~ ~)~~~~~• j  ~ ~~~~
( ) I i  Ilion it l~~~ .

1’ jg .
~ 

• ma! • 1 h - i ’ by I ~8U w t i • ‘ r us’’ w i l l  b’ 50 bill on • ‘‘i I isi s
I by 2020 ‘ t~~u~~t 700 bill ~‘r ‘~i1 i ris i.: 11 1’’ o. ‘-1 , Lo t n ; ’ of ’

‘ his — 11 ~~‘‘ n - i n. ’ d at e d  w i t  o r .  Liue t i s  ir id lisa’ • ‘  ~, i ,  w 1o’l,~e f to .’
r b at’ 1.- l i t ’ of  ‘ii ’’ i v’’ mis’s s’ ‘~ is ’ i cal r I i ’  st, i . r .s  ~

‘ r • 
~~~.‘ W a ! ‘ -  r

- • lo t  of n~ - t ’ i 1s  a i 1  many t ’ t h ’ ’  rsor ~ !al:; in :;ri~
woul I t ‘ ‘ roi .; b u l l  r, ’. I t ’ , • - - .‘d deman d f o r  ‘ ‘ - w  wa ~ ‘ r’ ~~‘i :  ‘‘ilnu l;t ‘ ‘ I
from I-aS ’, ~n;d~i,’ i n  of S ims, ’ r - i- il sar i az-id ‘ra-:’ - ‘s, I 20a1
(Tablo 11— 3).

‘h.’ ~is’~,i,t j’,,- i t  O o W  w i ’ ‘‘r ‘.tlc.-n Wa,- al isut 7 r.-- r ent of wi ’ . r
used by - Sc ~

1 r i i  t ed 3tatcs mi neral industry in 1) ’  2. T h i s  ra ’io  I:;
‘-xl :esto I to decr’’ ’ise ‘is ‘he cos t, of wa t ’r ri-s.’:;. M n ’  stri of’-n t
regulat i ons • ‘S)V’ r n i n g  ho  quality i~ Ii ,; r~htir~”’l wii t ‘‘r w i l l  ‘‘n ’ :oar - t.~’
mi ne ral ns ia ’ors ‘.0 reduce t h e  quan t i t y  o~’ di’s ‘hiir~~’d water by
recir~~-s i a ’ b rig a. much water as possible to  mi r~i r r z” r ea tmer i t  costs .

sus”d on t ot a l  d u a r t i  
~:‘ of’ water  used , t h e  r n . : ’, importan t

rd ri” ra.l corrinodi ’ies produced in  NAB were san d aid  ~ruv ” 1, coal ,
~~~~~~ iron ore , and titan i um . Most of th e  larg ’ r sand and grave l
producers is~~cd water. All producers ,f titan i um , garnet , ~ ‘ani ‘ - ,

wollas to n i t ’- , arid z inc  used water , but the total quantity used was
smal l  b”causo the ~uant i ty  of ore treated was rela iv”Ly small.

The ~uwitity of water used per dollar of product value varied
with each commodity Aplite and greensand marl used more than 1000
gallons each ; t i ta” i i uxn , 965 gallons ; sand and gravel, 582 gallons ;
and salt, 507 gallons. Commodities which used 100 to 500 gallons
per dollar were crushed stone, kya.nite , garnet, Iron ore, anthracite ,
and bituminous coal . Tal c ., clay , dimension stone , feldspar , and
recoverable zinc each used more than 25 but less than 100 gallons
per dollar.

Iii the study of the water requi rements arid uses in NAR , the
mineral-product value of commercial sand and grave l was $1.72 for
each 1000 gallons of water used in 19614, and $1.07 per 1000 gallons
of new water.  For other commodities , the product value per 1000
gallons of water used Was: crushed stone , $14.55; dimension stone,
$19.61; talc, $16.67; clay , $38,146; feldspar , $12.35; arid, salt ,
$1.97.
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TABLE H-3

Est imated New Water Use by the Mine’-al Industry in the
North Atlantic Region

(million gallons per year)

BasIn 1960 1980 2000 2020

1 30 50 70 90
2 70 160 230 300
3 60 130 210 280
14 110 120 130 12t.
5 90 170 260 3140
6 370 1,1400 2,1420 3,4140
7 2 ,100 14 ,300 6 ,600 8,800
8 1,500 14,ioo 6,600 9,100
9 1,930 3,780 5,500 7,180
10 1,350 2,100 2,480 3,570
11 320 700 1,070 1,1450
12 l,’TOO 2,870 14,200 5,530
13 3,850 2,490 1,000

1,1450 3,780 5,8140 7 ,880
15 3,680 6 ,160 8,i6o 10,200
16 790 2,600 4,380 6,160
17 12,600 8,400 8,500 9,700
18 1,580 3,500 5,080 6,650
19 3,190 8,130 12,970 17,780
20 130 1450 720 990
21 1,580 14,520 7,100 9,730

Total 1/ 38,500 59,900 83,500 109,300

1/ Bounded
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r- t I NERA I IN! 1 I TRY WATER P0I ,LtJTI( ‘!~ I’f’ 0BLF~’1~

TI” product io n  of minerals , because i t  d i s t u r bs  I he ea r th ,
:t~’~’c1t ’i’:ttes natural  ~,eolog ic processes. Accelera ted  g.’ul ’i; ic

1 rocesses caused by mining translate to mineral industry water
pollution . Mining may adversely affect water quality by causing
rapid siltation and a relatively rapid increase of dissolved solids.

Erosion is a natural geological process which , by various
means , loosens and t ransports  earth material  from higher  elevations
to lower areas. All moving water carries as much of the available
particulate material as its velocity will allow. The environment is
in balance with normal stream flow, but floods frequently cause
siltation which blocks stream s and adversely affects their character-
istics. Surface runnoff which is allowed to scour mine dumps , mill
tailings , and ground disturbed by open pit mining can cause siltation
which has much the same effect as a small flood . Siltation also can
be caused by the discharge of process water containing suspended
solids. Another cause of suspended solids is dredging in rivers and
bays. Whether the dredging is done to maintain navigation channels
or to recover sand and gravel , a plume of turbidity drifts down-
current from the dredge until the solids settle.

All water in streams, lakes, and the ground contains dissolved
solids (hardness) but in most , the quantity and nature of the
elements in solution do not make the water unsuitable for plants
and fish to exist in a balanced ecological system. Some naturally
occurring surface and ground waters are saline , but most are suitable
for fresh water flora and fauna. Mining may cause an increase in
dissolved solids in water by exposing more rock surface and allowing
more contact time. In addition , certain rock types or minerals may
make the water acidic (low pH) or basic (high pH). Except for coal ,

• mineral production in NAB does not cause widespread or persistent
water pollution problems .

A serious problem has been created by the adverse effect of
acid drainage in the coal mining areas in Basins 15, 17, and 19, and
for some distance downstream from the mining areas. Most of’ the
coal horizons in NAB contain pyrite. Mining has exposed large areas
of pyritic material to water, oxygen , and bacteria which have
oxidized the pyrite and caused excessive concentrations of hydrogen
ion (acid), iron , and sulfate in the rivers and streams. The main
rivers become neutral by natural oxidation and dilution by basic
tributaries after flowing beyond the sources of the acid pollution .
However , flash floods in the headwater of the West Branch
Susquehanna River have flushed large slugs of acid water into the
river causing lower river stretches to run acid for several days.
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LLIJT I i AJiATEMENT t-t}’J JHEf

Ihe  best countermeasure to minera l  i n d ust r y  water  po l l u t i on
is t o  preplan operation:; to prevent pollution . While a mine it ;
active , the affect of unavoidable potential pollution can b.. cur,-
trolled or neutralized . Preplanning should include provision for t in
effective shutdown program designed to prevent the mine and waste iiles
from becoming a pollution source when the mine is closed down or
abandoned . Legislation is necessary to impel the mineral Industry to
accept the cost of pollution prevention as a normal operating expense .

Divers ion of’ surface water from mine openings and waste piles ,
an important step in pollution control , is actually good operating
procedure because it usually reduces operating costs. Ground water
which enters mine workings should be removed as soon as possible to
minimize contact time for the formation of acid and for solution of
solids. Provision for adequate settling time before water is dis-
charged from mine or mill is important to prevent siltation .
Filtration can be used if lack of space or unfavorable topography
preclude the use of settling ponds. Chemical treatment of dischart’ed
water may be necessary to neutralize dissolved solids , acid , or
reagents used in beneficiation .

Most of the existing acid mine drainage pollution in NAB is from
abandoned underground mines which were not preplanned to facilitate
pollution prevention when operations ceased . As a result, at many
abandoned mines it may be necessary to build treatment plants and
support their operation for many years. This costly procedure could ,
in most cases, have been avoided if the mine openings had been pre—
planned to facilitate sealing when the mine was abandoned .

Acid pollution from strip coal mines is minor as compared to
that from underground mines , and abatement measures present fewer
technical problems. Formation of acid and rapid erosion can be
prevented by diverting surface runoff, covering the sulfide bearing
formations in the high—wall , and grading the area to eliminate
ponding of water in depression s behind the spoil banks. In strip
mining , siltation can be minimized by reclaiming disturbed land as
strippin g progresses. Exist ing laws , if enforced , are generally
ad equate to prevent new strip mining operations from becoming sources
of pollution .

Pollution from abandoned underground mines can be abated most
economically by sealing mine openings and preventing the inflow of
surface water . Diversion of surface water and sealing of mine
openings are the abatement measures most commonly used at present ,
especially in Pennsylvania. However , a mult ipl ic i ty  of’ openings ,
narrow outcrop pillars , and other conditions at many abandoned mines
may make sealing Ineffective . In such an instance , a plant must be
built to neutralize the mine effluent. Active mines prevent the
discharge of acid water , in most cases , by neutralization . A number
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of methods for treating acid mine water are available or under
investigation . A brief description of most of these methods follows :

Alkali Neutralization is the method most commonly used ‘.i

treat acid mine water before it is discharged . This method thvolves
the addition of lime which produces calcium sulfate and iron
hydroxide. Aeration and agitation promote precipitation of the
calcium sulfate and iron hydroxide ; the neutral water is discharged
and the precipitate is disposed as waste.

Limestone Neutralization is being used to treat acid mine
water . The process uses 140o mesh limestone produced by autogenous
grinding of crushed limestone in a tube mill. Fine limestone slurry
from the mil l  is mixed with mine water , aerat ed , sparged wi t h air ,
and passed through a sedimentation pond . This system uses low cost
ground limestone instead of lime and the sludge is more dense than
that produced by the lime process.

Ozone Oxidation is a variation of the lime neutralization
process. Ozone is a power ful oxidizer which speeds the oxidation
of ferrous iron to ferric iron . Ozone is mixed with air and bubbled
through the mine water , converting most of the iron to the ferric
state. Neutralization then causes precipitation of ferric hydroxide
which is more dense and easier to handle than the ferrous—ferric
hydroxide mixtur e produced by the alkali neutralization process.

Flash Dist i l la t ion has long been used as a manufacturing
process by the chemical industry and is one of the processes being
tested for recovering potabl e water from brackish and saline sources.
The ‘process has been tested and found to be effective in treating
acid mine water. The feed (mine water) is heated to the vaporization
point in a closed chamber and put through a series of condensers at
successively lower pressures and temperatures.

Reve rse Osmosis has been used successfully in test s to separate
fresh water from acid mine water. By applying pressure to acid mine
water on one side of a semipermeabl e membrane , water molecules are
caused to move through the membrane leaving behind the iron salts and
acid . A use for the residual sludge has not been found .

Ion Exchange process for the treatment of acid mine water
consists of the reaction of’ metal salts and hydroxides in water with
specific anionic and cationic resins. One process which is applicable
to acid mine water employs a weak base anion resin which is operated in
the bicarbonate cycle. The process takes advantage of the fact that
almost all of the soluble anions in typical acid mine water are metal
sulfates. The metal sulfates are converted to bicarbon ates which are
precipitated by aeration as Insoluble hydrous oxides. As in other
acid mine drainage abatement processes , sludge disposal is a problem .
The volume of sludge produced by the ion exchange process is substan —
t~lal1y less than that produced by the lime neutral izat ion process.
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None of the known pollution potentials need become a p ro blem.
New operations can be preplanned to avoid or minimi ze pollution .
Siltation and discharge of suspended solids can be prevented by
providing for adequate settling area, addition of floccularits , and,
if necessary, filtration. Discharge of dissolved soli ds other
than those already in groundwater can be minimized by preventing
surface runoff from entering the mine workings . Oil and brine
spills are usually the result of inadequat e preparation of storage
areas . In NAB , most coal measures contai n wri te  and most base metal
deposi ts’ h ave sulfide ore . Water , oxyge n , and bacteria act on the
sulfide minerals to produce acid drainage. Acid formed while a mine
is active should be neutralized by the operator before release.
Underground mines which are a potential source of acid pollution
should be so planned that they can be sealed effectively when opera-
tions are discontinued. Strip coal mines should be backfilled to
cove r the sul fur source and graded to drai n wi thout pon ding. Many
responsible mine operators tak e precaut ions to preve nt pollution
on their own initiative, but adequat e protection of the envi ron ment
wi ll require regulation. Water quality standards have been established
and approved for all States and most , if not all, of the States in NAB
have set up agencies to enforce regulations designed to improve or
maintai n water quality to meet the standards .

S
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CII AI’rI:R ~

~II NE RAL RESOURCES IN THE NORTH ATLANT IC RF;Gr~u

Mi nerals in NAB are divided into three main classif icat ions——
nonmetals, fuels , and metals, in decreasing orde r of value.
The locations and uses of mineral commodities are described briefly
for each with emphasis on those commodities for w h i c h  large ‘iuantitie:~
of water are used for mining  or processing. The location and use
of minerals requiring little or no water also are described brie fly
because this information may be of use to planners .

NON ME’PALS

The following conznodities require a large quantity of water per
unit of production :

P,PLITE

Production and use. Aplite is produced only in Virginia in
Basin 20 near Montpelier , Hanover County , and in Basin  21 near Piney
River, Nelson County. Aplite is used in glass an d ceramics as a
source of alumina.

Relationship to water. In l96l~, more than 800 million gallon s
of water was used to process the crude ore but about 90 percent was
recirculated. Water was discharged into a tailings pond where
particulate matter settled out.

Outlook. Aplite competes successfully with other feldspathic
materi als used in the manufact ure of glass and ceramics. Continued
slow growth of aplite production can be expected with no adverse
effect on water.

FELDSPAR

Production and use. Almost 96 ,000 s}~ort tons of ground
S feldspar valued at more than $800 ,000 were produced in Maine , New

H ampshire , Connecticut , and Virgini a , In l96i~. More than half the
crude ore was treated ‘wet and beneficiated by flotation . Silica
sand for glass and ground mica for roofing were recovered as
byproducts . A decreasing portion of feldspar output has been
prepared by dry grinding of selectively mined or handsorted pegnatite
rock.

Bodies of’ pegmatite, a coa.rse—grained granitic rock ,
occurring along or parallel to the Appalachian Mountai n chain have
been the source of most commercial feldspar in NAB (fig. H—2).
Production has been reported from groups of pegmatites in 13 of the
2]. basins . In New England , pegmatites occur in Basins 3 ,  14 , 5, 6 ,

B .2 8



C

•~ 0

/ ~~~~~~~~ 
~~~~~~~~~~ t ‘

~~~~~~~~

‘

~~~~~~
‘ u/ ‘ / / ~o’ -~~ ~~~~~~~ /~ —

/ 4 - . /
‘
~ ,F N ( ~ / / .- “~~ _~~

‘_,.._ ‘1
S. ~~~~~~~ 

“~~~~~~~~~‘ / ‘~ / 
/

_
•.
~. I ‘ .‘ I

‘~~~~ ‘y 
~~ / ~ç J ,-‘ I

— . / -
~ .

-4 ‘
~~. . ‘) -~ 

( -
~‘

_,! ‘ IL_,~_- , N — •
~~ ‘ / -.

‘ 

..- .- ‘-‘ U
.— I . — ‘--‘ ‘ 

., ‘ .. 1 U
.— - - % • ‘ ,—~‘ I ‘ 

- 
~~- I

“i-
-,, ,

~ ‘~ 
.
—‘ 

( N 
,~~ ‘ .,•4

‘— .  — .-.
~~~~~~

-. 
-~ 

— - ‘-- : ‘— / , I
S.
’ 

‘ 5
’ ,_~~

__5 ,-~ — S I U

1• 
•~
‘.(

~
‘ ,.....J’~ 

- “ ,f ~ -~~ - ‘ ~ < “— .“ ~~, I
5_ i .

~~~ 
- . 

~~ 
‘ 

~I 
“
.‘. ‘ . , ‘ ‘ ‘ ‘~~~~~; 

‘-
~~ ~~~~~

— I
~ ~~~~~~~~~~~~~~~~ / \ -~~~~— ~~ . 

‘-.-i~~-~~’ ! ,. \ I
/

_
‘ / ‘ 

‘-
.‘ ‘<

‘ ,- -~~ ~~ “ “ (S~ •~
‘ 

/ / / I
— .. .. ,~-

- “-~~
— 

~ / — i
~~~~~~~ “

- - ~~~ 
,— \

__ - --
~~~

_ \  ‘ I55
’,.11

~ 
-- ‘~~~~~~~ A~~~ 

! ~~~~~~~ 

‘~~~~

— _)/
_ ___

~~ 

—
,T4~~~~~

’

~~~~
, ’

~~~ 
~~~ 

‘
~~~~~~ ~~~~~~~~~~ 

‘
~~~~
. 

\~ ~ - J
S ~~~~~~~~~~~~~~~~~~~~~~~~~~ !~~~~~~- -~~~~~~‘ - . oj  N II

- 
(
~~) ~

::~ ~~~~~ _ 1”~:~T~ 1 ~ ~~~~~~~~~~~~~~~~ ~~~~_
S _t _

, 

•

~~.
:•

~
‘ •

~ ~~~~~~~~~~~~~~~ 
‘

~ 
‘°~~ ~~~~~~ (‘~ 7 ~

) 5 —
- ‘ 

~~ ~~~~~~~~ _ - -/ — )
~\ 

~~~~~~~~~~~~ / ! )V
4 — . — ,. , \ •

~ /

~~~~~~~
~. —“ ‘

~ ~ ~~~ 
/ -

~ 
, 

‘

~ ~, ~~~ 4~. .&~J : NORTH
~ 

~~~~~~~~~~~~ ~~~~~ t ‘~‘P.~ip 
~~~~~~~~~~~~~~~~ I

‘. ‘-‘ I”, .

‘
~
‘ 

- 

~, “ B/
;— , /‘ ,

.5.- ~-~
--- .— ‘ - - -  __ _ / _ _ - ( - .

•5_. iS- , -
- S /.5.

/ 
6 0

/



A D A

~~~~~~~~~~— / 

I 

~~~ — ~~~~~ 

•‘ 

/ 

~~~~~~~~~~~~~~ 

/ 

/

1
’ 

/ 

/

- .
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 
‘ ‘ ‘  ~~~~~~~ ~~~ :; 

~~

‘ 
5

,

- 
( 

/
__
\ 

~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

- 
— ~ 

‘

.-.‘
.. 

I ’
~Z(4 —

~~~~~~~~~~~~ 
- I 

/ 
— : ~~~ 

— s

_ 

~

-
, - ~~~~~~~ , OY~ )). / 

~~~ 
-

) - ~~~~~~~~~~~~~~~ ‘ 

~~~~~ 
5. 

L

/ 
‘ I ‘ ‘,

A~ 
~ - - I . t.. ’-~ 

6

•
P /..s~. - - ‘  ‘

~~~ ~~~~~~~~~~~~~~~~ 
I

S .
’ ~~~~~~~~~~~ ‘ -

- 

‘ •
-. 

I 0 ~~~~~~~
~~
‘ 

r~~~~~~ 
- £

-
. • - 

/ , ‘~~~~~ 
- - - - , PEGMATITE , SALT AND TALC- -...-...-- ..--- - . 

S 

.~~~~ ~ IN NORT H AT LANTIC REGION

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S. 

• 

~~::i~~~~ar eo

• Ac t ivS salt mine or w e l l

H ATLANTIC REGION 
02 Talc deposits
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7 , and 8. 1 -~—t’ a * j -s are li ;u ~i I  I ~~ ‘ ‘w York in ha~’ in 
‘S

1 in
1~~~iiiylvania i n  ~~~~ 15, an d in  :tr :,- l : t r J and ‘.‘ i r ~ in t r t  in I4asinr IB ,
1-i • ,~O • aIl 1 1]

Re1~~t i i n ~d , i 1 t wit t. ’r . ~~ -r ~ ’ ‘ ~~~~ 500 m i l l i - ~ ~~i l l  r .  1t

w ’o ~‘r w~i~’ u~a d  in  1i ( ~ t o  b , ’ r , -l ’ jCjat ‘ -  t . ’~ ~~ 
ar ly ~~~ a~ ion in

hasi n w :tt ~- r ’ w i s  r e ’  rcul ~~ i’d. All I i  schar~” -d w- ‘ r  was
I r~’m ‘.‘‘ r~ n p.’n IeI r~c’l i l s  bet ’~r ’- t ’ i r ~~ r e l e u : .

Tt ’ f i l t e r  cake wa~ rucke.l t— a di~;1 in i

1 K. ‘it  1u t  of feldspar r - I , i - e - l 1 
~
‘ f1 - t a j r ~~. in  :;;• .~- in

‘xr ‘tea t c n t  ir ,ui ’ to rrow at a rate  less than tha t  f r ‘ r ’ :;~;
na I r - • I i i c  t because of -ori I -t it jot1 l y ( t}~ -r t ’’ ~ 1. ‘ : l i ’- l u r t  ii . Output of dry i’roun~ fe ldspar  has l - ” i ’r ,  i l ”cr ’- , : ng and

al l  ~era ~ ions in NAR may be d i scon t inued  be fore the  y ’- ’ t r  2000 .
~ f l i t a t in ~’ against  p rof i t ab le  produc t ion  of dr y  I -r i  ‘i i ,  f - id s iar  are
the depletion of suitable reserves and the hich i- i t  of r ” l e c t i v
m i n i n g  and h a n d s o r t i n g .

Production and use. Only one mine  in NAR ~-r tuces iil rasiv.~
i ’arr iet  as i ts pr incipal  product and no product ion f igures  can be
revealed . One wollastonite mine produces garnet a~ a byproduct.

The major use for garnet is as an abrasive material in such
applications as optical lens g r ind ing , plate glass g r i n d i ng ,  ar id
Iappinr of semiconductor materials and metals. Garnet is also used
in non skid floor paint , abrasive papers and c loths , and fi r sand—
blasting .

Garnet mines  and prospects in NAB are indicat -d on Fitur ’ H— i .
The only active garnet operation in the Region is in an area of
Basin 12 which includes a number of inactive garnet prcnpects.
;arr iet  also occurs west of Lake Cham plain in Basin 11. Two i n a c t i v e
garnet mines are in Merrimack County , N . H ., in Basin 7. Connecticut
has two inactive garnet mines in the western part of Basin 10 and
one in Basin 8.

Relat ionship to water. At the single active operation in the
l-~’gion , garnet is separated from the gangue by jigging,, t abling , and
magnetic separation . Water supply is su f f i c ient a t I r (’nent , and in
ca se of expanded product ion , additional water requirement r could be
met by recircula ting more water .  In 19614 , 50 percent of total water
was r e c i r c u l a te d ; 10 percent was lost  by e v : t I o r u t  ion . Forty percent
of the total water used is discharged and carri,-~ the wante mat *-ri~L1
t o  the tailings pond where the waste settles out hi-fore t h e  water
is disposed of through surface channels.

Outlook. Garnet production in NAP is expected to Continue
to grow slowly. Water pollution will not become a problem since
water i s wa- I pr i  nc I pal ly as a transportat ion med inn and as an aid
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in ‘ i n c e n t r i t t  i( a. ,‘k - I I i t i ( - n a :  ;et ‘ i itiè basins , if  l,e.-u’’ t , ~~y be
ear i i l y  m t  ~ l i e d .  ~~~~~~ reserv’~:; i t t .  I expansi - :t i  f demand i f i - .1 I ca ’

increased i t i t  pit un’ i i  1 -~O - an-I  t. h ’’ t i  it  1i’vel I ~ ott uj~t 11 2O~ U .
Technological i.’v~-lopment could affect t h e  lri -iu~ ry ‘t Iv -r se ly .

I’ r - iii- - ’ . i t  a: use. Th.- p r inc ipal  deposits ~- f ~ r’--e naitn I - ‘cur
in Delaware , - tar • ’j 1 ~~ , :ii w Jersey , &nd /1 r~’ in Ia , Basin:  1’. , 15 • 1’~
18, 19, 20, ~i r i I ~l f i g .  i — ~. ) .  dr’ ’-ttsar. I has been mi:-’ I in all thi .nc

~tates tat - i ’ p r - - n c r ’. t ta  - r i ly  i t - ” lye mine is near ‘.- ‘~‘-U • ‘ilo ucen ! •-r
C i ’ui ty , . .T.

Greenc’ui l is ~- r S - 1 u 5 ’ - I  I :  ~ ‘ w  ,t . r:;’-v by hydraulickinl’ in an
open pit . The material Is eit i- ”r - washed , tried , an I L i t c j ’ - t  to be
sold as a soil c- r i - l i t  ioner or : ar  t e r  t reate  I ‘.~~ pro Iu ’e  .eolP

r use as a zeolit. ’ , the wash’! greensari-i Is ~‘iven a stabllizln4
‘reatment by paii~ ing , ; o u l u z n  s i l i c a t e  -r  a lwnlnu m sulphate ~i hrough
beds of’ greensand . Th-- stabili:’ii’l greensand is rewn :~~’ t , th’n ~r e d
an-I bagged .

Relationshi p to water. Although produc t i a data for grei’r : und
in NAP are confidential , the water used in l ie.. w- 1: e :  imated to be
65 million gallons of’ whIch 30 million gallon s was recircul ,tt ”-~ .
The average annual produc tion during the period l t-O-(- •. was
tons, i n d i c a t i n g  t h a t  about 16,000 gallonu of water was used p•-r en
of greensand produced . The quantit~ of water di : -i, arged was apr roxi—
mately the same as the quantity of new water ‘ise~I . The hl scr ari -’ -I
water was not treated .

Outlook. Production of greensand for soil condi’ ioning Is
limited because of high transportation costs and low mark’t’ value.
Synthetic zeolite water softening agents have replaced the natural
zeolites recovered from greensand . Min ing  of greensand In N d -  w i l l
probably be discontinued by 1980.

Greensand has been a minor source of potash in the past and
may be of future importance only if extraction of po’ash can be done
cheaply enough to compete wi t h other pot ash sources. The deposit .~that could be mined by open pit in New Jersey are estimated to
contain more than 250 million short tons of potash in material that
averages 6.6 percent potash.

KYANITE

Production and use. Kyanite is an alum inum si licate mineral
identical in composition and most uses with andalusite  and sk i l l—
manite , but differing from them in crystal form. This highly
refractory mineral is mined by open pit methods from large deposit-s
of kyanite-bearing quartzite rock containing 10 to 30 percent
crystalline kyanite. ‘rhe kyanite is concentrated by flotation .
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‘-i .  - c - -
~ i t a ’ • -  - -, ,, - --i i n  - - r a r ’ :c  t- , I y -  - 0 + in i t a r ’ -

-
~~ - I - ii i i i  t y  f i r ’  i t t - - t -  - - - , ‘c.; ~~

- xi an.; i 1)1 C ky ~i I t  - - - - a - - - i i  —

v ’ r~ i t  - ;r~ 11’ i - ; : -  - + ‘  fl~, x ( ‘I  r — t  - n . 5  - -C f _ ; 5~ for - 1 .  r i :;I”. i~~ - - 0 - U’’ r
- - r n :  - i ’  a ’ - • — - U V ’  - - n - ---a r- - i~; ain o - - - a v ’ - r ’ - - I  I i n - - - - t l y  fr i  r n a l l i t + -

ay , +’ 1 ~:, , ‘ ‘C -C ot t 1500 °C . ‘ b ’ -  ~;‘~i l i t - -  is i - --’f ft t o -  “ Jj r J f O u r ’
or r’’ t ’r’t- ’’o:’:- - - - • I t o - i  - I t i , ’ t- r , ck il.-1 3)’ S rno r  -u - , I a- ‘ - r n  , o h
: ‘ r - : ; i n n  ir_ i x ’ s .  j u - ’t j a r .  i~ i~~ ;t -anr.at I-- r’-vt - - tl- I 1 - u’ - i ) r / - : ; I i °  (0 a —

s’~rai i ’)r , ot -:~, - o i i ’ ”  ~ i- l  y :~~t . - - ’ Ic r-;t i l i t ’ -  in l ieU wan  •‘ : ;tj rrnit -d t
t ;‘ n r -  t a o - 100 ,000 ‘ons .

t:i -o,pr~ is j r ob  ‘ 1  -C t ;-- j n ’ - r  i t  V i r n i n i r i  ( : - - an ir i  ~‘ i )
ont- ’t’5 W~ is Ma nt  am , : - aa ’ . I rt,~ti;ir ~ - n u t t y  , 3.1 he at h r - r  ~C ;--d’,+-r

- ii a , - r i  n- -p -  l~dward ‘ - ir it.y ( fib ’ . H— ~ ) . Tin -  ar-- is pr t- - ’n-~n -l at

ii : a—I ~ an- -a t  tO the  r a i n ’  ~ uz -1 at plan t.s 11t D i i  l I - -y r  and I -Lr }1 in
-~~~ - i t ’r , ; j  Ion the t I - c ,  - ta t l v i -  m i t -n , cj ~ h er  - . c -nu r r - -: .nia ’lro fotmd j~
;— ‘~-~k~~n,~r a -tra 3 . 1  Pr ince c 1I- ’ u’-j (1un t I r a  ~~ well a~; 1: ‘t o  , t t t t i i i  Riv’’r

~
. ~r; at I te arc : ~, ‘~h i cU m c i  ui’’ p o r t i  O r i n  of ‘ar’ 1 u n -  1lanov ~’r , Lou i na

I v ’~iia i~ourties (Basin 20). ) t h e r  occu r r ( - t ,r ’- S  i t  — irb’ i n i a

~“ u t si l e  , t P .  Arvlalusite - -c -ar :; in Piscataquis  County , M ’ - .
(i- - tn I a 2) , an Middlesex and Worcester  Counties , Mans . ( 13:inh ’ 7 ) .
r: anite is found in Vermon t (Basin 7) and both sillimanit e and
kyanit~- it. Banins -7 and 8 in Graft on and Cheshire Counties , 0.H.

Ft ela t ionship  to wat er. In 196 14 , the two milling op- rations i t t
V i r gin ia use ’! an average of 11,000 gallons of wat er for eac h ton of
au r , n e n t  rat e produced. The mil l  in Buckingh ain County recirculated
~~ r~ -rc r- :-t of the total water used , di scharged 10 percent , and
cons r~ ’-I h i i -  balance. The Prince Edward County mill recirculated
no water , Iischarged 90 percent , and consumed 10 perce nt .

The quality of water used in preliminary grinding is not as
i r r i J - c r t - ’Lnt  as that used and recircul ated in the f lotat ion process ,
v t- -re it in necessary to treat the water by controlling acidity njid
by nettling. The water supply is sufficient for the present
Howe ver, at one mill most of the available water is now he i r;~ used
along with maximum recirculation , and any additional requirements
I--i ll have to be obtained from new wells or other surface nour”es .
Water is discharged to a tai l ings pond where suspended solids se t tl e

Outlook. Usage of kyanite is expected to increase about
9 percent a year until 1985 when it will begin to level off. By the
year 2020 , much of the kyanite used will be sy nthetically produced.

GALT

Production and use. The salt—bearing Sau na Format ion extends
under part of Basin 17 in New York and Pennsylvania (fig. 11—2).
Producing areas peripheral to NAP in New York State affect the
economy of the Regi on and sal t production from Tompkins , Onondaga ,
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vi rig - 
- 

t ( f l  , and Ge huy l er (ount. len i t— inc 1 sI + - ‘ I  in Tabl e 11—I . It ’ - sid es
- S 

-
~~~~ i - c -ea s i ng  and ::- -n:;oi ing, large quant .itien of salt  r o ’ -  an~- !  in
i - t I n  rib ;-r oce: : Cs and manufac tur ing . Increas ing  quant i l  i ’ ’s  of salt 

~j ; ; i, - t a r  ice  r i t i - !  :;noW control  on i’o ;tds .

!celatjon:c},i 1 t o  water. Water is not used in und ergreu a I a l ’
inin g . Water - t r o d  in so lut ion m i n i n g  of salt is i ’v r i j  aO t i l  ‘ - - I , or the
lao i t ;  une’I in c l - - r i  i cal processing j - l an t s

t L ook. Gai t production is expected to continue ‘~~~
. 1 - -r o n  a ’ . T h e  G r d in e  I-’ormation di ps southeast and it- t h a - l e r  in
GAl - , t itaut in the pro iluc in g  areas to the west . lU c r e  is l i t t l e  I i k e l i—

i i -  c.i  I hi a .  new oj Cr; 4 i ons  wil l  be establ ished duri ng t h e  U c ’entury
iii - i - - an  where lie na lt is deeper tha n in ar°as curr on t i ,- - mined .

‘,\GD / .1) GRAVEl.

taniuctiori and use. Sand and gravel constitutes Oi l: of t i e  North
AtIrir t ir  Hegion ’ s r-incipa l resources , with the total volume of pro—
l o t  I i i  exceed inC at of any other mine ral commodi t y w i t h  t h e  exception
f :;t - r e .  P roduc t ion  is divided into two c lasses :  Comxrierc ial , in

vt . i c l .  ‘h e  p r o d u ct s  -‘u - ’ - sold on the open market ; arid , nc,n t r .erc ial  or
- c v e r - n - n ’ r i t— an d— ’ -onl ,rac t or , in w h i c h  th e  produc t is produced e x c l u s i v e l y
Cot- i- - - - le ra l , Gi ate , county , or m u n i c i pal governments and is  used
I V i n a i r  ally for road const ruct ion and maintenance .

Deposits art- broadly separated In to  bank , pit , and subaqueous.
- - - u k  - li - p -na its are usually mined dry although ’ ‘~ metimes they aie
;.:,‘- ir c t-lli - -ked by forcing water under high pressure agri innt a bank
‘ 1 ,  1 ii rj .i rig the in -a l t  ing s lurry to the processing j - l a n ’ . Pits  are
ra irtea ‘ii her -i r -y ~~i- wet , depending on the level of the wal ri - table.
. al-aqur ’cua depot- its o r -  those in r ivers , lakes , or st-ar and are
- t , -;ta ilv ‘I r e d g e - I .  h i f f e r e n t  combinat ions  of excavat ing equi pment ax-c
uni’U , i n c l u d i ng  power shovels , bulldozers , f ron t—end  loaders , drag—
lines , suction and bucket dredges , and hydr aul ic  monit ors .

(
~; r a r t i t  I C r i  td  unprocessed bank run san - I  and gravel are used

for f i l l  and r i - - i  n~~ t erial but the g r e a te n t  1- ;u t. of commercia l
production is wash- -C , screened , and othei-wise processed. In most
‘at — e r ;  the materi al mu st  be screened to meet size specifications and
wu, tied to rE-’ntove (-lay , s ilt , and soil. Material is washed during
the screening proc -sn and oversize gravel is crushed.

Gte ! atid g rov e l  for concrete  aggr -g ;t t  e must meet rigid : ;p e c I f i —
- - : t t i c r s .  r; ut I i s  separated from gravel by sc reen ing  and t h e  (- lay
H . r e m o v - - I  by r - l a s r ’ I f ie rn  or scrubbers. Gravel is freed from

+ -l i t .  i - ~~1 ’ i i : ;  m at  ‘ i  al 1 :+‘ cr u s h i n g ,  screen i r ig , and wash in g . The
-lean~-’I ri r i l  ui) gr’;iv’’l is then further - rci-eened and clansi fled to
rain t. comm i t-cia] : ;j  ‘-nifications. Tire amount of’ treatment used in
p r e p a r i ng  t lie - ‘m l and gravel for mar k et  w i l l  be greatly infl uenced
by f lit- physical nhiaract i n s t  ics of t h i -  r a i l  + - i - i  ml in  I he hi ’I-at -~ t and -

h - y i-he r a i -k  t for whi cli it is intended

U —



‘1’ -a . f o r -  -t ’ j a r  c a it s  of 5 ; ar t ~l and i -r ;tv - ’t at- -; a i ’ l t  rela i +

j ; - ;  l w  ~ r i t  a u to t t r : - 1  hUt ’ ba l ky na ture  of t i : - p r a - : i n t . . ( Gn ; ,r . ’-rc i-i l
op e l - - i t  1, - i s  are usually set up near a source of w i t - - c  supp ly ;ii . I
r ear I lit ’ po in t of r i t a -

P r - o m I t , - t ion of sand art ! gravel in NAP in 1 i ’ wan r i e ; t r l y
1 ~1 m i l l  i c r  tons or 15 p e r c + - r i t  of the to tal U n i t  n !  ita tes ou tpu t .
Altl , .  ui~b ia--h int  ion of sand and gravel has 1 + - o r ,  r~~- i ‘r t e I It - - -r, ~

- ‘
~ 

~tate  ii: NA P and active or latent deposits are kin wi in abi ;c - . 1 -v

county , 1 all areas in the t~egion are equally a p t  l i e d .  G i n c ’ -  t i e
construc t i - - Ii Ln Iustry uti ii z~s most of the sari ! i i !  gr ay ’.’ , - a’-
volume is closely t i ed  to local cons t ruc t ion  a n )  r h r liu t .j t ri

c e n t e r -n .  lecause of the relatively large number int l t 11r 1 0 5  of
-I e pD -n i t -s , i t  would he imprac t icable  to describe in - to t a i l  ei t too
the l o p o r i t s or the individual operations.  Areas f produc t ion iii
1) 61- , by count ies  and magni tude , are shown in F i g u r - - 11—5 .

In tire southern par t of NAP , beyond the l i m i t s  of g l - - - i al
activity, rr:ost of the sand and gravel deposits are i i  unc tr:nDlI dat ’- -i

‘omata l  P la in  sediments , l each sands, and r iver ari d st .renr: l - ’ r - - s i t ~~.

tlont of the commercial sand and gravel in the  northern par t - C

NAP is the result of glacial disintegration and abrasion of bedrcck.
U pon recession of glacial ice th is  mater ial  was -leT cisited , t i n - n
transported , fur ther abraded , and sorted by running water. Gtjor
valleys occup ied by the glaciers were the prin c ipal areas of
depositi on of this sorted sand and gravel . Outwashi areas
which are the best sources of sand and gravel in th e Region are
shown in Figure H-6.

Many commercial sand deposits are residual , fa rmed by the
weatherIng of sedimentary and igneous rocks. H i g h — s i l i c a  sandst. n~-
bed s most often mined for industrial  sand al so are outlin ed in
Figure H-6.

Relationship to water. Sand and gravel was the largr-nt user
of new water and the third largest in total water used among the
mineral commodities in the United States mineral industry in l)rT’.
The total water use and reuse are dependent on the quantity of
material treated and the process water requirements of each particul ar-
mineral commodity.

In l96l-~, 80.7 million tons, or 62 percent of the  total  sand
and gravel produced in NAP, required water for mining or processing .
Total water used was 62,239 million gallons or 170 gallons for each
ton of finished product . No water was reported in noncommerci;tl
produc tion .

Water requirements 01’ sand and gravel operations vary with
the method of mining, which in tur n depends on the type of’ depos i t ,
end use of the product , and proximity to the surface of the groun d
water level .
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h- - - e s s  water f r  ari r- ! and gravel should be t r o t  i t ’  susl ’-r. l-
solids anti dissolved s o lid s  ;;u ci as sul fates w h i c h  w o u l d  r t l v ’ - r - s ’ - l i
affect t h e  quality of e t a - r i - I c .  Water hav ing  a b I g h t  or low pH our :

cause t o f  i- rI r u t i o n  of pr- -cer;sinr equ ipment . In occur or b ay t - i - l ’-
p i t s , r~a i t  f i l n s  may coat- t i n  sand grains  and the sand must he
wa shr t - ci w i t h  fr’-rh water t a  be acceptable for  some p u r r ” sP s .
Howev er , according t o  recent studies in Great Britain , sodium

- h l o r - i - ) m -  nc i r c  ax — a mi ld  ncc-eierator in concret e when present in con—
ceni r at  ions of 0 .5  ‘ i -  1.0 percent by weight . Less t han
1 . 0  percent of ‘h um chl o ride is not a threat except for steel
r e i n f o r c e d  c a n cr i -t e  for w h i c h  sodium chloride lim its i’ }:cu ld be nr-t .

Wal er pol lu t ion  by t i r e  sand and gravel indust ry ‘-onsis ts
c hr i e f l y of s i l t a t i o n  caused by solids  In the  waste water . In nc -nt
-u ses  the suspended m a t e r i a l  can be removed by s e t t l ing  in ponds

b e f i t - c  the water is rd i trned  to  the  ar’ainatv- system . The pori hi: ax-c
Ire li-ed us required anti the material sold for  f i l l  and s~---cia1
applicat ons.

utlook. The cons ti-uc t ion  industry u t i l i z e s  96 percent - - 1 - the
-:- oran~er-nia l sand and gravel production and is mainly r m-s j ’n ns ih l e  for
‘he annual i n c r e t n e  in tonnage and value . The c o n t i n u i rt -  increase
lxx population w i t h  r e s u l t i n g  construction work , plus t h e  na t ional
r : - r u l b u i l d i n g  program wi l l  increase the demand for nar : - ~ and gr a ve l .

l’~ cause of i ts  ‘bulk and low unit value , t ransporta t ion in  a l ax-ge
C-u cto r  in ‘ h e  i- - -xno m i cn  of the industry . W i t h  the population
-.-x t - a r : : i - n , m a i n l y  in metropol i tan  areas, many deposits in or n m - - i t -
t !:e ;e - t r ’- a ; ;  w i l l  be e i t h e r  worked out or unavailable because of 7. -: n i r t g
t -o ; - i c t ! on a ’, copp lies  w i l l  have to be obtained from r r ear .er  d i r t r t r n -~ -:
-it l . 11 - a ’ - r  cost . Deposits of sand and gravel are seldam surveyed in
.i ’Tth to de termine  reserves but as a generali ty it may be st.-rtc’-)

-t a t  i- -sources of sand and gravel are su f f i c ien t  to  meet the demand
‘ated i v  any foreseeable expansion in the n a t i o r  - l  economy . Good

‘i -I an -h , -r - iv e l  is not available in quant i ty  in all ac-~a’s and na ’
x -r a rg ina l  deposi ts  can supply satisfactory aggr gates. G u b s t i t u t e

.a~ er i a l s , such as crushed stone , will probably sur - - I : ,  na-st ace-I; ; of
- 1, - f u t u r e  where sand tu rd  gravel is not available.

Water requi rements  for the Nation ’ s mineral  i n d u s t r y  are
cxl ‘;c t - i  ‘-o increase  an-I the requirements for the sand and gravel
i n d u - ; t - r , ’ can hi - a -x j -n cted  to follow this  t rend.  An adequate quant  ity
and ~a rmtli ty of water must be provided or developed at the place and
t ime j t . 1’- needed to mine  and process sand and gravel to meet
inert-using future needs. At the present time , 86 percent of
c ommerc i al sand and gravel production is processed . This percentage
is expected to i r i c r e a ; - ” . Continued dep let ion -f h i gh—g rade deposits
r ear arl;an renters may accelerate the trend toward more washing
l ecausm- producers will be forced to use lower gi-;i l+- deposits to
m a i n t a i n  p roduc t ion  w i t h i n  the economic shipping distance of ConSum ers.
With the increased demand for washed aggregat e, the problem of obtain-
ing adequate supplim- ;: of wash water will be m t - - un ifIed and the
p r ob l e m  of waste  water  disposal w i l l  become m o i m -  critical . In the
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t ’-~~~~~~~t - , rott ing i- m-:;t rjctiux,x; and ~Itate water- r-i-gu~ aI c x ,; ; ma:1’ ri- -~ui re
LL~ .. 1 r-odUCt’rs to treat waste water i i  n e tt l i n g  j , u r , i : ; .

~ i ,0:E (Crushed)

Production a n d  use. f- tone in  L i e  principal min:~-r st1 r’-su Ar°~- of

~A}’ . Crushed stone production in  NAB in 19U 14 wa: l~4~ .~ million ton s
— -a . aed at $2 143.7 million , 20 percent of tht- total liniteii ft. ates
px- - Juct icr arid 211 percent of its va.lue . Crushed stone was ; r ociu etci
in 177 of the ~~(i counties in NAR lIt 19614 as i n d icu ’, t -d in Fi gure 11—7 .

r t y — s i x  counties had production of over 1 mi l l ion  t o t s ;  5 ‘o~~~;t ’ i - , ,

500 ,000 to 1 million tons ; 62 counties, 100,000 to 500,i0U t-or~:;; ar -I
i , m ’ remaining 14 14 counties , less than 100 ,000 tons . There were over

200 ~ rn ducers  of l imestone ( inc luding dolomite) ,  81 producers of
basal t or traprock , and 314 producers of granite; t h i r- remainder were
producers of sandstone , quartz , quartzi te , marble , s c h in t , and ot i re r
;; t - 5€’

Thi r ty—two percent of the crushed stone of all cat egori es w an
produced in the Pennsylvania portion of NAB ; Hew York accounted for
20 percent ; Virg inia , 16 percent ; New Jersey and Maryland, 9 percent
each ; Massachusetts and Connecticut , Ii percent each ; West Virg in ia ,

p or ;e r r t ; and Maine , Delaware , New H ampsh ire, Vermont , and
i’i, ;- do Island together produced the remaining 3 percent.

i .  one deposits are found in every ft a t e in NAB , and it woul d
t e  impractical to describe in detail either the indivi dual operations
or deposits. Some of the known deposits are remote and relatively
inaccessible so that  production is uneconomical at present.

Crushed stone is a heavy , high—bulk, low unit value commodity ,
ax,J its economic utility in a particular area is restricted by ~tsa~ i l i ty  to compet e on a del ivered pri ce basis with stone from oth er
s- .n1r cen .  Access ib i l i ty  and cost of t ranspor ta t ion often determine
s t ’ - t h e r -  or not a particular deposit is a cozrmierciaJ reserve.

Limestone is t he -  most important rock used for crushed stone in
.Ifr- ard is quarried ch ie f ly  in West V i rg in i a , V i r g i n i a , P e n n s y l v an i a ,
Ot r ,’ iaz ,d , and New York . ~lome metamorphosed l imestone or semimarbie
is m i r e -i and crushed in the  New Englan d Stat es, Maryland, New York ,
aa -x O i r g in ia.

Traprock (d i ab an . -  or b a s a l t ) , the neca -nid ranking stone in NAB ,
is quarried ex tens iv - • y  iii Connecticut , New Ji m-soy , Pennsylvania ,
and in portmons of Maryland, New York , and V i r g i n i a .

Granite , which is crushed and used chi efly for aggregate s, is
t -  - ata r i  in widely scattered areas . The greatest production cones from
deposits in the mountai nous areas of the New Eng lan d f t a tes  where
g ran i t e  is common .
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thtt -i’ v p - ,; of ::t-rne ic . - I - stat I t hri . -u~hout t l ie he~~i n t n , 1  a r -

~m n- - rt ant 1--c a~ ly. Miscellane -it s rocks found in l A f -  ~~ Sxa~ )~~°

- -at ly locally inn  lat he rne i s s  , qua r t z i te  , sand ;t one , man - • -  , -i rgi Ii it.-
an t - i  n - a p n t s ni e . ria ;b :e- 1 s tor e is r e - -  luced from t h i s .- rock _ ;  w him -n
satisfactox-y dep - ni t s are ni -an ~ si ‘a: of imj nedia e - •—m~~- n - -try nPPd ;-r
when the cost of shippi niC othe r ty 1 t- .; of stone Is r : i , i b i t - i - .- -

Lime-ston e wan the leadin, ’ t y p e  of -t - u nh .--i - ‘  -r~ - n o 1i ; -e I ir ~
$ b i t ’ Unite 1 ft a t es ir ~ 19614 account- ini ~ f c -r  71 percen ’ he - ii
wh ich also appr oxim ates the p t-n - - ’- n i t  a~ i -  of 1 i m - - s t o n e ~- 1 i ’~- 1 I; .- : i Id- ~.
I.i men t s-ne has a wide variety of uses , more than  any - - ‘ 1 c~t ro ’~k -
1-arCe quantities are used for - m ; i r i ;i f a c t u r in g  cemen t 

~. n - -1 h r  t u rn - i ~e
f lux , ag r i cul tu ra l  stone , and in n: u zc .-n -o us chemical an I in : i - i ; .  r -ial
app l i ca t ions .  I-lost types of rock are used for  concr ’-’ - -  r - 1 - ’~ e a:.
r c-a~Istone , but l imestone is especial ly favored for ~ni -s purpose .
Stone reserves in NAP are large , but stone of’ th e  - 1 - i ; i l ii.y  r e qu i r e - i
to meet s p e c i f i cat i o n s  for a par t icular  use ar ’ l i m i t . ’ ! in some - j r - i , .

Rela t ionsh ip  to water. Water requirements  o1 t~,’ c ru ,u e I
indus t ry  are generally greater for process inr ~ than t ’ r n i r i i n i ~~. .-. -c ’-r
use in mining is limited to dust control during d r i l l i r C ,  1 -c i t i n g ,
and transporting .

The extent of processing is governed by the use for w h i  - t ~ ‘he
crushed product is required . Most stone app1ica~ i - ns re prire
adherence to r ig id  speci f ica t ions, i. e . ,  concrete i t t ,  I r; -i-I ;t~’ roc.~ e’
must be crushed , cleaned , and graded to specific sizes; pulverize-i
stone is f requent ly  used in processes requiring fineness ~f more
than 65 percent passing 200 mesh . Most stone is c r u s h ’- - ! and s c r een e l
dry ,  but c leaning requires water.  Owing to the low prices of cr-xshe - I
stone , dry gr inding  is preferred to the wet method and occasional y
the stone is artificially dried to assure better ,‘rinding. Classi-
fication normally employs screens at’ various types. ‘~ht ’ larger
fra~nents are sized with bar grizzlies and perforated 5t e’~-1 p lat e .
When the fine sizes are used , they are classified by screeninC or
air separation .

Use of water by the crushed stone industry has become more
general in recent years to control dust and to meet st r i c t e r  s p e c i f i—
cations. A common wash method is to use water jets !‘-~-r spraying
the stone during screening . Some crushed stone may require
additional scrubbing to remove adhering coatings . The quality of
water need not be high , but the water should be free of suspended
or floating solids , particularly organic , which may cause contaminat ion
of the crushed stone with subsequent weakening and discoloration if
used in concrete. The water also should not contain a high percentage
of acid or alkaline impurities which would cause corrosion of the
washing, screening , and crushing equipment .
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In 19c ) n , water was used in t he  production of about 63 million
tons or 1~1~ percent- of the crushed stone produced in NAB and requir ed
a ratio of 375 gallons to each ton of finished product.

Outlook . It is estimated that about 60 percent of the crushed
stone product-cl  in  NAB is used for construction and that .  the q u a n t i t y
of s tone produced for  this purpose will continue t o  show an annual
incr- -a :;c- . I n e r t -m i n e d  production w i l l  be required because of l ong range
ront:t n- ’ni -ti oni progr iun s and greater use of crushed stone sand in areas
where sand and gravel is deple ted or zoned out . The largest s ing le
isa- for crushed :;t ore’ is for aggregates and it is expected that

i r - 1 m t  ion will more than double by the year 2020.

~~T ( ’ N F -  (Dimension )

Product ion  and use. Stone which can be cut to a definite
shape and nize from quarried blocks or slabs is classed as dimension
stone. The princi pal types of dimension stone produced in NAB are
granite , marble , sandstone, and slate. Other dimension stone
produced include basalt, schist , and other miscellaneous stone.

In 1961n , 179 ccenpanies produced 7311 ,000 tons valued at $37.3
million . Dimension stone is produced in every State of the Region
except Delaware. In some areas it is a major industry . Vermont and
Massachusetts were the leading areas for granite production.
1)imension marble was produced in Vermont and Maryland.

Dimension stone is classed into two main categories , rough and
dressed . Both types are produced in NAB and quarrying and preparation
varies with each stone type and its end use. Rough dimension stone is
used chiefl y in construction . Most of the dimension stone produced in
NAB is dressed for use as monumental stone , curbing, flagging, and in
architectural applications. In NAB , granite is used principally for
curbing , monuments , and architectural applications ; marble and sand-
stone for various architectural uses, and slate for flagstone.

In quarrying dimension stone, considerabl e skill is needed to
break loose large blocks in the quarry without fracturing or producing
excessive quantities of waste rock. Channeling machines and wire saws
are used for cuti-ing dimension stone in the quarry. I)rilling and
wedging equ i pment is also used extensively. In recent years, an
oxygen—kerosene jet flame for cutting in granite quarries has found
wide use. The medium used for cutting by wire saws is a slurry of
water and sand for softer stones and silicon carbide or aluminum
oxide for granites and some marble.

Dimension stone is usuall y prepared at adjacent mills using
equ i pment similar to that used in the woodworking industry , except
t hat saws are set with diamond teeth and other operations use silicon
carbide grindin g wheels.
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Prepara t ion  f r  nark”t varies with different types of stone
in t l t he i r  end uses .  Th i ’- s tone is - - itt i n t o  blocks by c i rcular , gang ,

n- w i r e  saws . some ::t ones are smoo th ,- ! by planers; 101 ishing is

~eneral1y - I - - n t ’ -  h y rubbing beds , rotating heads , and polishing pads.
Carving  and :;i r ip in~ is ~ione by han !, abrasive b l a s t i ng ,  an-i jet flsme .
5la t e  is sp l i t  by h and and may be shaped either by hand or by machine.

Rock masses -r f’ormati -s-nt s of various types of stone and which
are of po t ent  ial c ommercial  qual it y are numerous in DA T - . The
l sc al i ties  or quarr ies  where the pr inc ipal types of dimension stone
were produced In l()( 1l (F ig .  H— 8 ) are as follows :

(
~ranite. In Basin 5 in Maine , one quarry was act ive in each of
Hancock , Knox , and Waldo Counties. Other quarries worked intermittently
are near North Jay , Franklin County (Basin 3) ,  and near Wells and
York , York County (Bas in  6) Dimensio n grani te  was produced at
quarries in M err imack and Hillsboro Counties , N . H .  (Basin 7); otter
quarries  are worked in te rmi t t en t ly .  Inact ive  quarries are found in
Carroll County (Basin 6). Most of Vermont ’s dimension granite output
is from Washington County (Basin 11). Quarries also are active in
Orange and Windsor Counties (Basin 8). Dimension granite quarries
in Massachusetts are operated in Middlesex (Basin 7), Norfolk and
Worcester Counties (Basin 9) , and Berkshire County (Basin 8) ;  other
quarries are worked intermittently.

Dimension grani te  was quarried in Connect icut  in four counties ,
mainly for architectural and monumental purposes. Quarries are in
Basin 8, Hartford County; Basin 9, Windham and New London Count ies;
and Basin 10, New Haven County-. Two quarries were active in
Washington County , R . I .  (Basin 9). GranIte quarries in New York are
located in Essex (Basin i i )  and Westchester Counties (Basin 12).
In Basin 15, active granite quarries are in the Philadelphia metro-
politan area. Dimension granite is quarried near Port Deposit , Md .
(Basin ii) and dimension diabase is produced in Culpeper County , Va.
(Basin 20).

Marble. Dimension marble is produced principally in Rutland County ,
Vt. (Basin 11). Other quarries in the State a-re in Grand Isle and
Windsor Counties. Dimension marble also is produced in Harford County ,
Md. (Basin 17).

Sandstone. In Connecticut , dimension sandstone is quarried princi-
pally in Wlndham County (Basin 10). In Basin 8, sandstone is produced
in Hampden County , Mass. Sandstone suitable for dimension Is
quarried chiefly in Delaware and Broome Counties , N.Y. (Basin 15).
Other quarries are in Franklin (Basin ii), Albany (Basin 12) , and
Otsego Counties (Basin 17).

The princi pal dimension sandstone quarries in Pennsylvania are
in Susquehanna County (Basin 17). Other quarries are in Basin 15,
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Wayn e , But -ks int l Delaware - ouni ties ; and in Basin 17 , Potter 1 - - u n i y .
Sandstone quarries are in Faquier and Stafford Count ies , Va.
(Basin 19).

Slate. Dimension slate is recovered from an underground mine in
Piscataqu is County , ~-k- . (Basin 2). The Washington County , J.Y. ,
and Rutland County , Vt., slate area in Basin 11 is the largest
slate—producing area in the United States. Thirty—two quarries ,
20 in Vermont and 12 in New York , were active in 19614. In
Pennsylvania , slate production is centered in Northam pton and Le tigh
Counties (Basin 15). Slate in Virginia is quarried in Buckinghaxn
County (Basin 21).

In Figure 1-1—8 , limestone and miscellaneous stone quarries are
indicated . Miscellaneous stone includes schist , basalt , and green—
stone . Quarries producing these latter stones are not numerous but
may be of economic importance locally.

Relationship to water. Relatively little water is used in
the production of dimension stone because many producers recirculate
water. One company in Massachusetts used about 100 gallons of water
to produc e 1 ton of granite. Another company in Vermont used nearly
3,000 gallons per ton for the same type of stone . Dimension granite
produc ers in Connecticut , Maine , Maryland , and New Hampshire did not
report the use of water . Therefore , it is d i f f i cu l t  to predict the
quantity of water needed to produce dimension granite. Water used in
the marble industry ranges up to 56,000 gallons per ton . However ,
no compar ison should be made since in 19614 there was production in
only four counties in two States. Three operations reported using
no water . Slate producers reporting water usage showed a range from
63 gallons per ton to nearly 3,000 gallons per ton . Most sandstone
producers reported using no water but one indicated use of 14,000
gallons per ton of product .

Outlook. Dimension stone cc~npetes with newer building
materials such as glass, plastics , and metals. The old advantage of
high compressive strength no longer applies in modern building con-.
struction . Expansion of this  industry will depend on utilization of
higher weather resistance and natural beauty as a building material
and keeping costs cc*npetitive with the newer materials. Scine
dimension stone production may increase because of specialized uses
such as precast building panels veneered with natural dimension
stone . However , the long term outlook for any significant increase
in demand will require c~~ipetitive production costs and full utilization
of superior physical properties.

Since little water is used by this industry , water pollution
is not considered a problem . However , discharges fr cin f inishing
plants in urban centers may create siltation problems because of
lack of space for settling ponds.
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TAP C

1’ro~1uction and use. Production of talc , in c luding soapstone
a n ~~i s e ri c i t e  s chi st ~ in NAB in 19614 was 1415, 000 tons valued at $2.5
o i l l i on . Most of the outpu t was from two underground mines  in
L° . Lawrence Cou n ty ,  N . Y . ,  which are on the peri phery of Basin 11.
Other j-rnducers of talc and talc materials were active in Vermont ,
T eninsylvasia , Virginia , and Maryland (Fig. H—2). A soapstone mine
art-I mill in Carroll County , Md ., ceased operation at the end of 1968 .
Other producers of talc and talc materials were active in Vermont ,
Pennsylvan i a , and Maryland. A soapstone mine and mill in Carroll
County, Md ., ceased operation at the end of 1968.

Talc has a variety of uses each of which has its  own net of
s1t -cifications . Ground talc is used chiefly as a filler material by
the ceramic and paint industries. Ground talc is also used in
insect icides , roofing, rubber , asphalt , paper , to ilet preparat ions ,
and other miscellaneous materials.

As indicated in Figure H—2 , talc deposits are found in all
~tates except Maine , Connecticut , New Jersey , Delaware , and
West Virginia. In Basin 7 , deposits are located in Middlesex County,
~-Dis s . , and Hillsboro arid Merrimack Counties , N . H .  There are numerous
talc deposits in Basin 8, most of which are located in Wind sor and
W indham Counties , Vt. Other deposits are in Coos and Grafton
Coun t ies , N . H . ,  and Franklin and Hampshire Counties , Mass. In
Bhode Island , talc occurs in Providence County. Basin 9.

Talc occurrences in Basin 11 are in St. Lawrence County, N .Y . ,
arid in Addison , Chit tenden , Laznoille , and Orleans Counti es , Vt.
In Pennsylvania , inactive soapstone mines are located in Philadelphia
arid Chester Counties (Basin 15) and Lancaster County (Basin 11).
‘-~ary land  deposits are in Harford (Basin 17), Cecil and Baltimore
(Pasin 18), and Montgomery Counties (Basin 19). Virg in ia  has talc
deposits in Albemarle , Campbell , and Nelson Counties , Basin 21.

Relationship to water. Most of the talc produced in NAB is
dry ground and air floated . However , at the Johnson , Vermont , mill
(Basin ii), water flotation is used to produce a better grade
product. The Vermont plant does not treat discharge water but
jollution Is not a problem because all talc is removed and the
flotation reagent is harmless. No sulfide minerals  are present and
m i n e  water is neut ra l .

Outlook. Na t iona l ly , consumption of talc , soapstone , and
associated minerals has increased by an average of 20,000 tons
annually for the past 20 years. This rate of’ increase is expected to
- o n t m it e  and producers in NAB can be expected to contribute to this
g rowt h in t h e  f u tu re .
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Th~~- t o l l -  -win g commodi t ies  requi re  l i t t l e  - ii  ii - w a t e r  in m m i n g
and! r processing :

RF~ ~‘1u C

Asbestos is produced at only one mine in NAR , near Lowell ,
Orleans County, Vt. (Basin ii). Another mine near Eden , Lamoil ie
County, discontinued production in 19143. No water is used in
asbestos mining and milling except for drilling. Water from the mine
is - irained into surface channels but pollution is riot evident.
Asbestos from the Lowell mine is widely used for as!-estos—cement
products such as roofing, shing le s, s id in g , p ipe in sula t ion , and
paper . Rock discarded from the processing mill  is used in road
construction.

Unite 1 States annual product ion of asbestos may increase to
200 ,000 tons by 1985 compared with domestic production of more than
100 ,000 tons in 19614. The United States produces only about 10
percent of total consumption and must depend upon imports from Canada
and the Union of South Africa for the balance. Canada supplies over
90 percent of these imports.

CE~ ENT AND LIME

Cement and l ime industr ies  are sometimes interrelated since
the p r i n c ipal ingredient for production of both is limestone .
Although neither industry is water related , they generally are large
operations and may affect the mineral economics of the Region .

Cement manufac ture requires large quantit ies of limestone and
clay , and smaller amounts of other ingredients including bauxite ,
gypsum , iron oxide or mill scale , fly ash , and silica. Nearly 3,200
pounds of raw materials are used to produce 1 ton of portland cement.
There are several varieties of cement , the standards for which have
been established by the American Society for Testing and Mater ia ls
(ASTM ) .

The principal type is portland cement , a hydraulic cement con-
sist ing of compounds of silica , lime , and alumina. Masonry cement
is a mixture of portland or natural cement , f inely  ground limestone
or lime , and a plasticizer . The third type is natural cement which
was produced in Ulster County , N.Y.; production ceased in 1967.

Production of cement in NAB in 19614 was nearly 71- mil l ion
barrels of portland , over 5 million barrels of masonry , and a minor
quantity of natural cement. Portland cement is used in concrete
construc tion where compressive strength and durability are the primary
requirements. Masonry cement is used in building construction as a
finishing cement .
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I, no in ma- I I n  n veral ways - II -pendin g uj -  -n i ts  f i n al u n~ 
-

-Otic ki ime is pi -o - iuc - ’- i 1 :/ h e a t i ng  crushed l imes tone  m i  a k i l n  vi t L
- - - i - .~ orat or- -

~~ li i CL en -or!i  ~ - - dr ive  o f f  carbon dioxide. hlydrat -i I in ’-
is nit - Ic l-y a d d i n t c  wat I-n - to quicklime and then (lrytrlr t h e  I i n - - .
is one ! in agricultur e , cons t ruc t ion , metallurgy , and as a lan i o
indus t r ia l ch~- mi -aI . Two industrial uses of sirnificance t o T-oi : -C i - n
cc .1 r- - - I lire the njr-ttrali nat ion of industrial wasten an- ! ii: ~~i - ‘ i

softening and purifi -ation .

I l l - r i - nits of limestone suitable for cement and lime ; r - - ! t  j on
are found in all flta ti - n of NAB exc ept Delaware and Ui -v  fla~n p n h i r .
:h€ only cement plant in Maine is at Thomaston , in Bas in 5.
primary lime is produced in the State . In ~-~~~~achuset n , t !r- ’--e
companies produce l ime in Berkshire C o u n i t y ;  ther. are rip ce-mI-ri ~
produce rs.

The principal center for cement production in Uew Yori~ is ii
the Hudson River Valley for the New York and New 1~nr land mar- k~-t

Cement plants are located in Albany , Greene (three plantn ), Cc- ]iisnhia ,
t J l :t er  (two plants), Warr en , Onondaga , and Schoharie Counties. l im e
was produc ed at a chemical plant in Onondaga County.

More cement and lime are produced in Pennsylvania than in any
other state of the North Atlantic Region- . The abundance and accessi-
b i l i t y  of hi gh—grade limestone and other cement raw materials , and
extensive nearby markets have led to the hi gh u t i l i z a t i o n  of these
resources. Important commercial cement and lime producers are
located in the central and southeastern counties. Eight cement
plants are located in Northampton County; four in Lehigh County, and
one each in Berks, Montgomery , and York Counties. Three lime plants
are in Cent re County and one each in Chester , Columbia , and York
Counties.

In New Jersey, the State ’s only lime prod ucer is located at
Newton , Sussex County.

Three cement plant s , one each in Carroll , Frederick , and
Washington Counties , are active in Maryland . In Frederick County ,
three companies burn limestone for lime .

Three cement plants are located in Virginia: one each in
Flotetourt and Warren Counties and one in Chesapeake City. Lime
plants  are found in Frederick , Giles , Isle of Wight , Tazewell , and
Shenandoah Counties.

In the West Virginia portion of Basin 19, three lime plants,
one each in Berkeley , Jefferson , and Pendleton Counties , and one
t - *:rii. rt t plant in Berkeley County are active .
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L i t t l e  water is used in the manufacture of cement in NAB.
Come water is used in the lime industry particularly to produce
htydi:ited l ime . ‘I his water is lost by evaporati on and hydra t ion of the
l ime ; little is lost through drainage . The quantity of water used in
j-i-oducing . hyd rated l ime is one part water to approximately three part s
qu i ckli m e. The quality of water used in the lime industry is not of
‘ i - i t  ical importance , but it must be free of sol ids, floating or sus—

J i m  led , which  may interfere with the production of high grade material.

Increased production of cement is expected in response to
population growth and to expanding need in highway , industr ial, and
lousing construction . During 1969, nearly 1408 million barrels of
al l  types of’ cement were produced in the United States. Industry
projec ts cement product ion in the Uni ted States at 7140 million barrels
by 1980 and about 1750 million barrels by the year 2000. Reserves of
raw materials required for cement production are adequate. Growing
stream pollution control should increase the market for lime used to
reduce acidity and as a coagulant for preci pi ta t ing  industrial wastes.

Over 20.2 million tons of primary lime was sold or used by
producers in the United States during 1969, an increase of 14.i million
tons over 19614. Lime production is expected to continue to increase.

CLAY AND SHALE

In NAB , 19614 clay production was more than 6.2 million short
tons valued at $16.8 million . Varieties of clay produced in the
Reg ion are common or miscellaneous clay (including sha’~Le), kaolin , ball
clay , and fire clay. Because of the extensive occurrences of mis-.
cellaneous clay and shale there are few areas in NAB that do not have
some sort of clay industry. Miscellaneous clay and shale is used
principally for manufacturing building brick and tile , sewer pipe ,
terra cotta , lightweight aggregate , and portland cement . Kaolin is
used as a coater and f i l ler  in the paper industry. It also is used
as a filler in rubber , paint , and fertilizer , and in the manufacture
of refractories and pottery. Ball clay is used principally in
pottery , stoneware , and floor and wall tile. Fire clay is used
primary in the manufacture of heavy clay products and refractories.

Some type of clay or shale has been produced in every State of
the North Atlantic Region and deposits are so widespread that individual
locations are not discussed. During 19614, all States in NAB , except
Rhode Island , produced miscellaneous clay. ~na11 quantities of kaolinwere produced in Vermont and Pennsylvania; ball clay was produced in
Maryland ; and fire clay was produced in Maine , Maryland , New Jersey ,
and Pennsylvania.

Water is used in producing clay and shale products but the
quantity is minimal . At clay product plants water is used in mixing
operations to make the clay plastic but it is lost in processing
through evaporation . Pol lu t ion  is generally not a problem of the clay
i n d u s t r y .
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Product-ion of clays and shales in general should --ontinue to
increase .  Production of some clays such as f i r e  clay wi l l  decrease
in the fu tur e because of depleted reservez and the accelerated use
of subs t i t u t e mater ials .  Kaolin production wil l  con t inue  to expand
because of its specialized use .

E~4ERY

Emery is produced in the United States only in UAH near
Peekskill , N.Y. (Basin 12). It is mined from shallow open—cu ’.
workings. Emery is used as an abrasive component f-: r cr i n d i n g  wheels
and abrasive cloth. However , imported Turkish emery is 7enerally
preferred for these uses. Domestic emery is used p r inc i pally as a
nonskid elemen t in pavements and stairways.

Besides the active mines near Peekskill , N . Y .  , emery leposit s
are known near Chester , Hampden County , “~ s s .,  and near Chathazn ,
P i t t sy lvan ia  County,  Va. Emery also occurs in Pennylvania but the
Massachusetts and Virgin ia deposits are the only ones known to have
had product ion . -

No water is used in min ing  or mill ing emery and there is no
pollution problem . Pr oved and indicated reserves of emery are
adequate for the future.

qRAPHITE

Currently , no graphite is mined or processed in NAB . The major
use for natural graphite is for brushes in electrical motors and other
electrical equipment , and for clay—graphite crucibles. Most graphi te
used today is artificially manufactured for electrodes , anodes , and
for various shapes used in metallurgical and chemical applications.

In the New England States some small deposits contain enough
flake graphite to have been of economic interest in the past .
draphite occurs mostly disseminated in schists and other metamorphic
rocks. As indicated in Figure H—14 , the principal area of graphite
and/or graphitic coal occurrences in New En gland is in Rhode Island
(Basin 9) with six localities.

Most of the graphite deposits in New York occur in the eastern
Adirondack Mountain area of Essex , Warren , Washington , and Saratoga
Counties. Deposits also occur in St. Lawrence County and in meta-
morphic rocks of the Highlands region in Rockland County.

The graphite deposits of Pennsylvania are limited to the highly
metamorphosed rocks in Berks, Bucks , and Chester Counties. Graphite
occurrences are found in Passaic and Hunterdon Counties , N.J.

In Virginia , graphite is knowi to occur in a number of localities
in Albemarle , Louisa, Orange, Povhatan , and Warren Counties.
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hevelopment of graphi te  mines  in NAB in the fu tu re  is u n l i k e ly
sinc e there  is only a l imi t ed  market for each type of graph i t e  and
no indication of increased demand for natural graphite. Most of the
Craphite in New York or Pennsylvania does not meet specifications
for c ruc ib l o— Cra d e  graph i t e .  If min ing  were resumed at these
loca l i t i e s, b e n ef i c i a t i o ri  would be by flotation which requires water .

Import ed ore of superior quality is priced lower , at point
of import , than it could be produced at any pot ent ia l  mine in NAB .
Manufactured art i ficial graphite is of sufficient quality an~
quant ity to meet future requirements.

~~ JIFCI UM C OJ-tPOUNDS

The princ ipal primary magnesium compounds are deadburned
dolomite , refrac tory magnesia , and caustic—calcined magnesia.
Prom these are formed many other magnesian compounds and chemicals.

Refractory magnesia is produced from dolomite and sea water
at one plant at Cape May , N.J. (Basin 16). The dolomite is crushed ,
screened , washed , and the n calcined at temperatures ranging from
1000° to 1200°C. to form magnesian lime . The magnesian lime is added
to sea water t-o precip itate magnesium hydroxide , the calc ium oxide
Coi rtC into solution as calcium chloride. The magnesium oxide is
dewa tered and f i red in rotary kilns in temperatures as high as
1850°C. The princ ipal uses for magnesium compounds are for flux ,
r e f r ac to r i es, cements , pulp and paper , chemicals , rayon , and many
mis cellaneous applications. Small quantities of magnesium chloride
crystal s , magnesium ~ulfate (epsom salts), magnesium tr isil icate , and
other high—purity mri -tgnesium chem icals also were made in New Jersey .

Sea water is used in producing magnesium compounds , and
solutions remaining after removal of minerals are returned to the
ocean . No pollution problems are evident in this process. Magnesia

~roduc t ion will  tend to increase since th e r ef ractory  industry is
expec ted to require in creasing quantit ies of hi gh—purity magnesium
- x i d e .

PC TACCIUM SALTD

Potassium sulfate is produced as a byproduct at a cement plant at
P e c u r i t y,  M 1 .  (Basin  19). This product is a low grade salt used for
agricultural purposes. It is recovered by collecting , in prec ipitators ,
ash formed dur ing the  burning of cement mate r ia l s .  No water is used
in production of these potassium salts. Production of these  salts
from the cement plant will probably continue. However , production is
small and fu ture  output will  depend c h i e f l y  on cement production at
he plant .
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PYR ITE

In N AP pyr - i t e  i~’ r ’~ru 1 ly  cc- - u n - .; wi~~Ir i ron , copper , lead , and
z inc ores; and in some - -ases with gold or°. In Pennsylvan ia , pyri’e
is a byproduct c-f iron production at Cornwall , Lebanon County
(Basin 17), and Morgantown , Berks County (Basin 15). Recovery of
pyrite from the (‘or nwall mine averaged 100 tons for eac h 6,500 t n s
of ore treated . A concentrator at the mine processes the ore by
crushing and gr inding , magnetic separa t ion , and flotation to  produce
iron ore, pyri te , and copper concentrates. The princ ipal use for
pyrite is in the production of sulfuric acid. The iron oxide
byproduct , the residue after sulfur removal , is used in the prc--1u-~t ion
-of p ig iron .

Deposits with iron sulfides as the principal minerals of
potential economic importance occur in all States of the North
At lantic Region except Delaware and West Virg inia and are indicat e !
in Figure H—9. Some of the deposits have been productive in the
past but none are being mined now.

In Ma ine , 15 or more localit ies have been noted in Aroostook ,
F ranklin , Knox , Oxford , Piscat aquis , Somerset , Washinfton , and
Hancock Counties. Almost all copper , lead , and zinc occurrences in
N ew Hampshire carry pyrite which could be produced as a byproduct.
Estimates have been made that the ratio of pyrite to waste in most
of these deposits is about 1 to 13. Deposits are known in Coos ,
Grafton , and Sullivan Counties.

Considerable pyrite and pyrrhotite is known in waste dumps of
old mines. The waste dumps of the Vermont Copper Belt are estimated
to contain 200 ,000 tons of iron sulfide minerals. Old mines and
prospects are found in Lamoille, Orange , Rutland , and Windsor Counties.
In Massachusetts, 10 mines or prospects are known in Berkshire , Essex ,
Franklin , Hampshire, Middlesex , and Worcester Counties. Connecticut
has occurrences in Fairfield and Litchfield Counties.

The iron pyrites in Jefferson and St. Lawrence Counties of
New York lie in a northeast trending belt parallel to the
St. Lawrence River 14 miles wide and 35 miles long extending from
the vicinity of Antwerp to Canton . Nineteen pyritic deposits are
known in the Region , most of which lie in this belt . Py-rite occur-
rences in Pennsylvania are located in Bucks , Berks, Lancaster,
Lebanon , and York Counties.

Almost all pyrite found in New Jersey is associated with
magnet ite leposits in Morris , Sussex , and Warren Counties. Some
sulfide minerals have been found in New Castle County , Del . ,  but
no deposits are known since a thick mantle of sand and clay covers
the bed-rock. Pyrite is present in the Sykeaville Mine , Carroll
County , Md. The principal sulfide deposits in Virg inia are chiefly
pyrite and pyrrhotite in a northeasterly belt extending through
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Prts in ;s 1 u , ~‘O , -i n-i , 1  . j u t - n - n - i n c  i c - a l  - r -  -p -~ i f  - i i .  - his belt t z - ’~- in
L- -uii ~a , I n n - ’’ _ 7dtlior,, ant I ~t t t t i o r d  ( : ; n J  i - s.

It  is likr’ly ‘ hut - h-c t , n ite an t - i  i - y n r - i -  - 1  - n 1-- j t~~ i n
NAP will i - c m ined In c hit - Hitui-e , i - i t t  if sue ! m m .  r i -  -uc - a i r - - i , I-

‘ - t j t j al f- i- p l 1 u t i ng n t - a r t y i~~ ’r- sources will 11- r-a ~ iy
in- :r,cact’ -1 unless m l ’  pc-i t ~‘ nem mre s or - -  ak -n f -  r -v oni t -- r m i rt i s iz e
po~ m t  - : n r .  l i e  lar ~~e re serv ’-s  of p y r i t e s  in  ~-~; t i r t o  , N w  Y-ii k , an-I 

~t imate- ! ~~ ( -  - o n t - l i n  -wer -  140 m i l l i o n  ~~ - n o ;  of c- In
Thec-e reserve;; will prc-bai ly r~ -~ h i ’  exp i- ited a. a source - i ’ sul f u r -
m a i r ;  i ounse sulfur - - tn be m m c l  more i’--onomi nal ly Ly ti.: i- -usc!
rca- - ho -I i n ;  ‘he ~~~ [~‘ at ’~s. In adu lt ion , his- iron c on t en c~ i . ; not hi ~h
--n-c-ic!: 1o h- - - - c r l s i / 1 i - r - i - - i  for -it -vi-lopmen t as a prim acy sonic’ - : of ir
!‘uture t r j - - t nt ion of pyy i * e will -i/-p en-I c -hi e fly  on t - - ’ie lopm ent  of n o w
base n c - t o .  m i s - c -  where the pyrit.e is rc-c - v i c x  I as a by p - r - - - -h i - - t . t o !
c — c - o t i n u i n c  or or a t ion  of the maOo- t. ite mines in l - c-nr c -y lv an i a

TRIP LI

In NAP tripoli (i- ottenstone ) is produced -- r ul y in Basin 17 r, ’ -a r
An F rt int l ~iuncy , Lyconnini~ County , Pa. It occurs there its a
w e ath er e d  s i l i cous  res idue  of’ l i m e c - t o n u e  or blac k c alc a reous  sha le .
R — t  t— -r;s to-r;e is mine-I from open pits. It is h- -ni crushed ani -it- i c- - I
air  f l o a t - c - I , and bagged. ‘Iho final produc t is ic - e l as an ‘ i t r a o i v - -
or f i l t e r  med ium . No water  i s used to mine  or process tr i l c u l i  in
Pennoylvania.

i-o tt en:t one is produced in Pennsylvania l - c - t u s e  the i- -po sits
are clooc to consuming markets. The future of t his in dastr- - ,- i r ,
Peor~ ;ylvania depends upon the existence of little known r i- ,:- -r v - s ,
but i t is r ’--tc -u riahie to assume that production will continue for some
t ime .

W I- I - LA fTP- 111k

The only known deposits of wollastonite in the Region t i re in
Essex County , N . Y ., In Basin 11 (fig. 11—3). One operation is active
at Will.;boro . 1)ther mines are near Lewis and Clintonville .
P r i n cip e l  uses for wollastonite are in the m a n u f a c t u r e  of ceramics ,
paint , plast ics , and in certain building produc t s.

Wa ter used in minin g is negligible , although some water is
used to control dust during drilling . Before crushing and concen-
trating the ore must be thoroughly dry . There are no water
pollution problems in this industry , as milling is a dry pr~-;-ess.
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i i - - . AL l Of t h e  N i t I r , ’ r n / r u t ! . r ; t - ’i t ’ -  is in ‘ h ’
I --1-iwo r i i r , ! fin : ; - ; - n u r : r c t  hoc -ins , in nor t  ii i-ii;t ‘‘rr : l e n r o y l  V u !  I S

i n - i i c n t i ’ -i  in  F~~- - n r- 1 ! — I 0 .  i ’ - 1  c - c - i t s  -:1 met :I_antf r-aI- It (- in harm
i x ’ - - n t - I  i ’ r - r Rho de Is land in ! n Massachuse t t s .  T};’’:;e I ’ -~ - - i - w - - r ’

‘; i ou s ly  w- - rk i- I l a rg e ly  for t h e i r  grr ~ h i f t -  c’~~t - - r O  li nn ~ a r -  r: ’- -t
i -  - c - f l y i c i n g  n - i i n t ’ - I .  The P e n nsy l v a n i a  nit; t i : - - ’  i~~’ field -o

- i t  t i  NP , : ‘ ~ua1~€ -  intl i cc  in 12 c o u n t i e s :  Cm - I - o t t , ‘o i w:i ia , :i ’;J l i t ,
Le l-ar °n , n ; ’e rn c  , i l cc r th i tm t - -  r l an d , Sc i tn y l kill , iNtl i i  var , ,

ft - - I c r : : , Wayn e , u n - i  Wyoming.

Ti c - -N - - a re  as r cui ’’ o r I minable  a n t h r a c i t e  be-i:: SeJ :imc -tt.

l u c - - i : ’ of i r ; t e r - c  i r s - :‘hale , s a n t d c t  rn~- , or i- -nil -~5/-1-a t ‘ -  r u r . f - : n i c  f ’ r - m
a f - - u  t o  s: c u i u l i  or  200 feet  thi ck. Anthraci~ i -  ‘ ! u i c k n - - s r ’ - : ;  r ’~r , i --
f r - n s f ’ 

~ incite :: - as much as t o  f e - f  , and t h i c k r i e :~ses - P J 0 0  i ’ — -

I s v  i- -i - n; found w!f-re the  s tr a t n  have been t i c i t l y  folded . A r t i  it  - -
ha :; l i - f - n  d e c l i n i  r ig s ince  t h e  1917 peak ye ar who r . n i - on - I y

100 n i l ]  i on  -u s  wa r  ~- r -c i ! i r c - e d . In rei - e r , t y ear : - , output  i - u ; :  d ec l ine - !
Cr- nm 1i 1 . . I m i l l i o n  tons in 1950 t o  ~.7 m i l l i o n  c-c- ’ in l~~7~ . In i lii

~ c - i  - - .i~~~ - 0— 7 0 (~ c l i i i -  11— 14 ) , j -ro duc t ion  dropped n i t  an asic -i- J c~~t e of
n - c r c - - n t .  i n u r i r i f ’  t h i s  same decade , tonnag es  recovere - 1  Cr - - nc u n - i - n-

or un-I  m i n er- - icc - i m e d  from 141 p t - i - c  t n t  c~f t nt thI i r - n i t n c t i o n  in l°~ - -
4 18 f 1 0 ’ m t in  1970. finip—mined t - - : l r l RI’ - ; :  in t t i s  pen n - I  i n c r u - n I r / :  I

I c- 3~ i - c - - i - n t  I - u  147 per~~-r ~t ; cu~~ p n u u l u t - t i o n  i u c r ~f - a r e  t f r  n
j O  p~- rc -n ’ I cu 31 ~- 1 ’ r ~~ ent , and output from d re - Ig e  ope ra t ion s  r - - r - : t t  r l ~~~i

- ‘ 1  i i -  ni t s Pou t  I~ ‘-r ’eent . The dec 11 ni  ng t rend  for  Un t / - r J - r -  ourid
r -d u c t  ion is a t t r i b u t - ’ih ie  to the high cost of deep m m in c  of ~n ;t t i m c - t~

- ‘ e d in -  t ~ i ,:~— f , l a i - ; r  an -I  J ft~Jfl p f l f ’  con s.

n n - i n c -  i j - u l nnc -~r k t - t  s c - n -  uses in  jQ(1 4 i n c l u d e d  r e t a i l  d el iv  r - i e s
3.~~i m i l l i o n  f i n ; : : ;  e l e - ~t r i c  u t i l i t i e s, 2 . , lt m i l l i o n  t on s :  i ron and

- ‘ - 1 , 1.5 millio n tons; and exports , 1.58 million tons. 1-sn o rt icc
an t c r a r i~ ’ ;dii j-rn ’r ts included 2.2 million tortr to P e n n s y l v a n i a ,
1 .  m i l l i : - r  ~- -itc - to  ‘h- w York , 1 1 4 0 ,000 tons  to New Jersey , and
~l~o 000 t i 1 1 ; ;  1 1 -  th e  New England f t - a t e s .

l-~’ 1af i onr !  i1 t u- writer. The great est problem of the ant bc - sc  i t e
i n  J tn : ;f r v is cu ntt ,rol of underground water . fub n i d en c e  is a natural
:c- itt -i - -le i-p t- -- al m i n i n g ,  p a r t i c u l a rly  af t - n the ro mova l of p i l la r

n i l  . TIc - ’ d r aw i n g  of pi l lars causes the V / c -  l y i n g  rock s t r a t  ni t i
t m ’ a c t u r t -  a n t  co] 1 :it -: - i -  t n t  c -  t ic -’  voids li-ft i-y m m j a g .  In some
i n , ’ t a n ne s  , I r s - - f  1 1 1 1 4 / ’  m i n i - I  nnl-;: i cle nci- in and near stream s have been
cc ‘ i - v- n - ’ t 1 1 : 11 mni c Ii - c- a l l  - i f ’  t Inc wn t ej -  h a s  bc- en d i v e r t e d  t 0 f 1”

- - - - 1 s  in  : i n i - J ’ ’ n I y i r i g  m i n e s .  l o n e r - a l l y ,  u n i t  h r - - c i t e  i t ;  m ined  only  t o
w at e r ’  t n i b l c ’ , w i t h  only a few u r n - I  -n - e -r - - - n n i d  m i n e r  at p 1-er- n t  p ’ in -~~- i n g

ci sO c-el w:il - - r I a w- i nk  i f l f ’ :  lie I ow i t

— (14
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‘lABLE h1~ 1i

Production of Pennsy lvan ia  Anthr au - i t i - ,  196 0—70

( t l u o m n r a n d  short tons arid thousand d ol l a r s )

Product ion

Year Underground Stri p Cuim Dredge Total 1/ Value

i - I t O 7, (-9( 7, 112 3 ,297 712 18 ,817

191 1 6,785 7 ,2 147 2 ,669 7146 17,14146 1140 ,338

6,673 IN ,822 2 ,671 727 16 ,8914 1314 ,0914

1963 ( ,7l5 7, 1468 3 ,393 692 18 ,267 153 ,503

19614 5, 889 7 ,177 3, 1413 705 17, 1814 i148,6148

1965 5, 297 5,939 2 ,930 700 114 ,866 122 ,021

l9(-C- 14 ,088 5, 253 2 ,938 662 12,9141 100,663

1967 3,258 14 ,7140 3, 627 632 12 ,256 96 ,160

1968 2,1450 )4,696 3,709 606 ai ,146i 97 ,2 145

1969 2,106 14 ,579 3,253 535 10,1473 100,770

1970 1,7142 14 ,5141 3,036 1409 9,729 105,3141

1/ y-ata may not add to totals shown because of individual rounding.
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Deman d for a n t h r a c i t e  be gan to dec l ine  a f te r  Won - I War 1 , an - i
by 19 , 0  nnany mines had b - e n  abandoned lc-;-:aune of exltaur t~ind r e u - -r v - - -;
cr uj : j -rof i  t ab le  ope ration s , usual ly a resul t of t h e  cc;; I of’ pumping
water .  Water  accurarlated in these old mines and in nibni j ido ned t in - ‘tic-

of  ac t ivi -  miner . Some of thes e were in t e rconnec ted , but in o t her
in:; tances  ba r r i e r  p i l lars fa i led and allowed water Crc--rn ni,ri abandon: - i

mai ne to fl ow into an active mi ne and flood the  work in ip ; . These
con dit ion n have been cumulative and have spread from mine to mir e.
Comparatively few of the ab andoned mines were wi thout  r eserves  and
bi  h l iun r of tons of an th rac i t e  are inundated by these w-jt--r pools .

Waters of the an thrac i t e  region have become acid , i ron , and
mmntttga flec- (f bearing , as a result of water in t he  mine- : chemi c ally
reac t ing  wi th ~-yr i te  present in the  coalbeds and surrounding rock
s t ra ta .  Treat ment and puri f i c a t i o n  of th is  water  is of serious concern
to the region and to the indu:;try . Mine drainage adds immense - i u : i n t t i —
t ies  of acid water  in the  Reg ion ’s r ivers .

The use of water in anthracite mining is negligible. Water
used in processing amounted to 31,8614 mi l l ion gallon s in  1962 , ‘~4i i-ch
was st i l l  less than  1 percent of the  total  used by the Nation ’s
mineral industry . Discharged process water containing silt and fine
coal has caused siltation and increased flood damage .

Outlook. Anthracite mining and production are pro jec ted  to
1c c-line until 2000 when a leveling off will occur at about 3 million
tons ~c~ir year . The decline is attributable princi pally to the loss
of some markets and increased miming costs. The sharpes t decline
will be in sr-ac e heating, anthracite ’s major market. In previous
years , the smokeless quality of anthracite was attractive to consumers.
Total consumption for household and commercial space h e - it i n g  declined
from 28 million tons in 19149 to 14 .7 mill i on tons in 1968; an average
annual decline of 8.9 percent . Competitive fuels such as oil ,
natural gas , and electricity have replaced anthracite in the space
heating market because of their convenie-nce and low installation
costs.

Electric utility and other manufacturing industries which have
traditionally used anthracite as a source of fuel have found
bituminous coal, fuel oil , and natural gas more economical . Some
electric utilities have swi tched to bituminous coal because of lower
fuel costs realized through use of unit  trains from producing areas
outside the anthracite region. In addition , supplies of the smaller
sizes of anthracite produced by dredges and at cul nr and silt b anks
are becoming depleted.
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BITUMINOU S COA L

Production and use. Bituminous coal occurs and is m i n e d  in
many parts of the lJnited States. In NAB i t. is found in an ar c-r i  r t l o n i ~-
the western border of the Region in several counties of Pennsylvania ,

~ -c ryland , and West Virginia as indica ted in Figure 11—10. Small
isolated f i eld s also are found in central and eastern Virginia , but
no production has come from these fields in many year-~.

Coal has been mined from 13 or more seams in the Region in
recent years , but more than 90 percent of the production has come
from five seams in the Susquehanna River Basin : the tipper and Lowe r
Freeport , and Upper , Middle , and Lower Kittanning seams. The Brook—
v ille and Clarion seam s also are important producin g beds.

In 19614, bituminous coal production in NAB was 31 million tons
valued at $137.7 million , almost 7 percent of the na t iona l  output of
1487 mi llion tons. About 92 percent of the Reg ion ’s product ion  was
m ined in Pennsylvania in the Susquehanna River Basin , ~he remainder
came chiefly from the Potomac River Basin in Maryland and West Vir ginia.

In 19(14, there were more than 1,200 bitum inous coal mines  in
the Region , about 1,150 in the Susquehanna Basin in Pennsylvania and
less than 70 in the remainder of the Region in Maryland , V i r g i n i a ,
and West Virg in ia. Counties with output greater ‘~han 1 mill ion ton s
in 19614 were——in descending order——Cambria , Clearfield , Indiana ,
Somerset , and Jefferson , all in Pennsylvania. Clearfield County had
the largest number of strip mines and the greatest production by t hat
method ; Cambnia County had the greatest production from underground
m i n e s .

Tine largest and most rap idly growing use for bituminous coal is
for electric power generation . Of the bituminous coal consumed in
19614, 147 percent was used by electric power utilities , 20 percent was
for coke manufacture and other metallurgical uses , 19 percent went
into other manufacturing (including cement manufacture), 14 percent was
sold to retail  dealers , and 10 percent represented net foreign exports.
Distribut ion data for the North Atlantic Region ’s bituminous coal
:hi pments are not available.

Relationship to water. Problems resulting from bituminous coal
minin g are related to acid mine drainage from surfac - and underground
n ines , subsidence from deep mining , disturbance of surface by stri p
mining , and storage of waste from coal washing plants. When water
from ground and surface  sources and atmosp heric oxygen come into
ron~,ac t with pynite in the coalbeds and adjacent strata , exposed
t hrough mining, a chemical reaction takes place. Water soluble acid
sulfates (sulfuric acid , ferrous sulfate , and ferric sulfate) are
formed and t h i s  a c i d  is often  discharged to surface r t  ream s by pumping
-- r gravity fl -u . Str eam s are polluted by t he arid drainage and
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~~: :omp aniyi  m l t ~ insoluble k r  tnt  uJ f - i t  - - ( ;/ n l lowb oy ) . A c - i - f  I -  rmat i o r~
L i S O  occur s t ; n - o t n g f i wa t er : ;  drai ning f r an ;  s u r f ace :t .r  i n -  pits  an-I ~cc- ni 1

wa st e  piles.

Wat er used Iii mining i t  mo:;t ly spray w a t e r  in  cut t i n g  art-I
In 111 ng ope rat ion::  . How l ‘ V I ’  r , vt ; - n coal is d c  minI- I , 1 ‘irg - quant i t  l i - s
of wti t~-r  ar -  used . In 19( 14 , it was calculated tha t  905 mi l l ion
gallons - -f n n ~-w w a te r  was needed by those producer.: r--~ orting water us:.
In future year:, i t . is probable tb - i t , a greater per c -r ;t ag - of the (‘cal
minted will hr med ian i c al ly  clean ;- - 1.

(Jut look.  Demand for b itumin ous coal in the l a i t y -- I States it ;
- x pec--t e 1  to c- ore t h a n  double wi thi n : t h e  next 30 years , and demand 1-u
OAR p roduc t ion  is expected to double wi thi n 50 years . Demand for
coal for owe r i l l-n i-rat ion w ill  c o n t i n u e  to grow . Inn lo(~3 ,
.95  mil l ion tons of b i tuminous -oai. arid liguite v- c, - used by e l ec t r ic
uti l i t i es in t he Uni ted Stat ’s; 1) r-rrcent of the  total domest ic
demand. Consumption of coal for power is i n c r e a s i ng  at t ,he rate of
6.8  percent  per year .  Reserve s of b i tuminous  coal in NAB are large
but the Region ’s share of the ener~~r market is dependent on many
economic and technological  variab i - s . Coal produ ct  ion in n t h e  Region
1.: expected to keep pace with national trends .

PETROLEUM AND ~1ATURAL GAS

Produc ti on and use. Extensive metamorphic and volcanic roc ks
in a geologic-ally complex setting and a paucity of marine sediments
characterize much of NAB . Consequent ly , commercial det-osits of
petroleum and n atural gas are not wi despread , and the prospect of
f tnd ing  addit i -)n a l  deposits is limited. The few localities in OAR
where oil and g i:: have been found lie ne ar the western boundary of’
the Reg ion , West, of the Valley and Ridge and Blue Ridge Provinces ,
and southwest of the  Adirondack Mountai ns in t he  i t i -oiuehanna R ive r
Basin (17), and the Potomac River (io ) and James Rive r Basins (21).
In BasIn 17, commercial deposits of natural gas are not uncommon from
central  Pennsy lvania northeastward through central New York . Ultimat e
recoveries from individual gas wells tend to be me di ocre , althoug h
a f~~w wells have not only yielde d large volumes , but also have
recorded high initial rates of production . Thes e circumstances are
unusual , though , and are probably the result of dri l l ing into
reservoir rocks w i th extensive natural  fractures but otherwise of
low permeability .

On ly two oi lf ie lds  have been discove red in NAB , both in the
Susqt~~hanna Rive r BasIn ( 17) in Pennsylvania. St .  Mary ’s field , in
east-central Elk County , has about 18 wells and produces from the
queen san d (U pper Devonian). The Gains field , in west—central Tioga
County , has about 56 wells and produces from the Atwell and Blossburg
sands (bot h U ppe r Devonian) .  The lat ter  field is si gnificant because
it is the moat easterly oi lf ield  along the regional st rike in NAB.
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1
f l — i t  ural gnu. ; has l i - i - n  found in wes ti-rn New York in t h e  regi a n t

southwest  of t h e  A-i i ronda ck Mountains in Basin 17. Some commerc ia l
rodu ct  ion h :i~ l~ ’n.’n: obt ained. Addition al shows of gas poin t  t o t hi-

possibility that otfa- r commercial deposits will probably ~i- found
in this area of NAB . Specifically ,  th i s  include s wes te rn  D el aw o r--
and 0~ :~-go ,‘;-unties , Herkimer Coun ty ,  and counties west of hI: es i -’.
Cornercial. oil production in flew York occurs only in Catt,arniugu ..; and
Pdlegany Counties , and in a very small portion of southwester n Ot o u l -  - n ~
County ; all of this are a lies outside NAB .

In Pennsylvania , production of natural  gas has been n~-port ed
I ron fields in Cameron , Clea~’fie1d , Cl in ton , h0t h er , and Tioga
uuiitieS .

In the southern portion of NAB , natural ga:: product ion come s
from about seven wells in the Mountain Lak e P ark f i e ld , and from
three wells in the Negro Mount ain field , both in G ;crr -t t  County , S I .
(b a s i n  i f l .  Pro duction comes from the Oriskan y sand ( i ) ev o n i a n ) .
A one—well  extension of Pennsylvania’s Artemu s f ie ld  ( Bedford County)
is located across the stat e line in Allegany County , N d .

Natural gas .has been found in Oriskany sand in Bock i n i ,d: am
County, Va. (Basin 19). Additional sh ows of gas have been reported
in exploratory wells to the southwest , but outside of NAB . Well
density in the  in tervening are a is extremely low, as it is elsewhere
in the western portion of NAB in Maryland and Virginia. It is not
unreasonable to believe that further explorat ion will uncover
additional reserves of natural gas .

Relationship to water. Water is not used in the production of
petroleum and natural gas except for l imi t ed  quant i t ies  used in
drilling and hydrofracking. After production at a crude petroleum
well begins , care must b€ exercised to avoid water pollution by
spills of brine separated from the petroleum and/ or  from the
petroleum i t s e l f .

Out look. Th’n sedimentary basins , found in the Piedmont of’
Maryland and Virginia (~ asins 19, 20, and 21), contain sediments of
Triassic Age , and are probab ly of continental origin. it is doubtful
If petroleum or natural gas occur here in significant quantities.

The most promising area for fut ure discoveri es of oil and gas
in NAB is off the Atlantic coast. Geophysical crews have conducted
nui~~rous surveys - in recent years . A consorti um of oil companies
recently established the presence of stratigraphical l~’ si~~~i fican t
cretaceous formations structurally capable of accumulating hydro-
carbons on the continental shelf approximately 100 miles southeast
of Cape Cod . hi thin  the boundary of NAR , additional discoveries of
natural gas, and pe rhaps minor discoveries of oil, will undoubtedly be
made i-n the areas already described when deeper section s of the
geologic coluim~r are pe-letrated.
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1 r ) d u c t  io n a d  usc- . C a l l e r  m i n in g  has l i e n  carried on at many
l a - a l  i -t i - ‘ . i n  N A B i n  F past , but -  j -roduct i on I ran t hc - se ol i rat ions

limi ted. Currently , t he  only act i vi ’ opt ’ r at  ion is at, }j:t rl o r sj  ~
us in  5) . (S q p r  also is r e cov er i -n i  us a by~ roduct of rnat ~r - - t i t  0

~.i r i n g  in - -nnsy lvan i a .

Mu ’ t of the  Uni  t i ’ t j  St at  i s  coppe r r roduct i o n ;  is out S ide  NAP
-~~- I is f r om w e s t er n ,  tatc-s . Coppe r concentra tor:;  and :;melters are
is tal ly nea r  the  large mine s ;  only one primary smel te r  is lnoati’ d

i n  t F: e Sort F:eru ;  t in Ne w Jer :;t ’y . Howeve r , about 59 ~c’ roe ni of F he
l - -t r o ly t i c_ r t u i r i n ~ capac i ty and 61 percent  of the to t al output

in ; t~~ ou ~ t i ’ d  for in s i x  r e f i ne r i e s  on the  A t l a n t i c  Coast in New York
City , N . Y . ;  C ru - t e r e t  and Perth Amboy , N.J.; and Baltimore , Nd.
Twenty to pper fabrica ting plant s are located in the New Eat -land

‘i tes , mo. :t of which are in t he  Connect icut  Valley area. th€ - r
f a b r i c a t in g  p lants  are located in the Middle A t l a n t i c  States .

~~o per is valuable bot h as a pure metal and as an alloy wi th
- i ter  me t als , and i ts uses are n umerous and var ied .  The greatest
IO ns irrnl t i o n n  of coppe r i, : in elec t r ica l  appl ica t ions  such as power
gcn; --r-i tio ni a:d t r an s m is s i o n , communicat ions, indus t r i a l  and home

~- - -trical equi pment (marine , air , and land). Other applications of
co~ per and copper alloys inc lude  p i pe and tub ing  for air c o n d i t i o nin g ,

l i t ’ , and fluid and gas transmission l ines . A d d i t i o n a l  uses are
i n t  J ew- i, ry , coi rcj~’e , home u tens i l s , brass and bronze , arid furnishings
u t i l i z i ng  the metal ’s decorat ive  prope rties .

or per d ’ ç  osits , respects , and occu r r enn -es are i nd ica t ed  i l l

F ’ i - u r - -  l i— l i .

In Maine , the  coastal area from Penobscot hay to t h e  Canadian
l order and the  inland watersheds of all streams enter ing  the Atlantic

- -‘an (Basin 5) comprise the d is t r ic t  c o n t a i n i ng  most of the  known
i:o~ ji-r deposits .

Callahan M i n i n g  Co. is currently producing coppe r and z inc
from its ( 2ni ~ - Rosier mine near Harborside . Another deposit at Blue
Hi ll has been extensively explored and production may soon beg in .
I n  Ar ea A , covering Hancock and Wash i ngton Counties , 10 other
l r s r ,~cts tire known . Further prospects are in Washington and

o rer : ; et ~aun t  i t - s

Coppe r It ’1o n ;i I:: i-ni New Hampshire are centere d in  two main
localities ( A r i a: In an d B )  in  B a s in  8 and 14 , respectively . In the

H -
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A~ a C o p p e r  a rea
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5~ A c t i v e  copper  mine

TH A T L A N T I C  R EG I O N  ‘ - Copper  d e p o s i t

Bureau of M i n e s  
Number and le t ter  des ig na-
tions r e ferr i ng to t e , i  beg i n
w i t h  I ond A . respect i ve ly  in

1967 j eoc h state

6 ~2 46  6 4  

F IGURE H—li
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Gardners Mountain  area in G r aft o n  County  ( Area A) , 10 mi ne l a c al i t i e s
are known , aid in Coos County ( Are a B) , three j r c ; p ( ’ c t s  are loe’i~ - - - l .

In Vermont , six inact ive mines and prospects are located i n
I~)r an ge County in Basin 8 ( Area A ) .  Other deposits are in Basin U
in Lamoille , Essex , Rutland , Franklin , and O r le an s  Count ies .
Deposits f copper inn Massachusetts are mainl :, in the  w e s t -r n
counties 01 Basin 8; some are in Basin 7. The princi pal coppe r
deposits and prospects are in the western counties of Basin 10.
In the Cox:necticut portion of Basin 8, two in a n t i v e  mines an- - -
l oca ted  near Granby .  Other  deposits are in Basin 10; one in Fair-
field Cow~t y ,  two in Litchfield County , and four in l I s r w  H av e in  Coun ty .

Te n ,  pr incipal  copper prospect s or i n a c t i v e  nines an- - - known i n
New Jersey , seven in Basin l~4 and three in Basin  15. Coppe r occur-
rences i n5 Pennsylvania  are located in Adams , Frankl in , Lan cas t er , ‘ i n 1

~lor5 t runncr y Counties . Copper is recovered as a byproduct of’ magnet i f
m i n i n g  al the Grace mine of Bethlehem Mines Corp . in Lebanon County .

C o i - i 4 ’r  deposits in Maryland are in two main areas ( Area A and B)
in Bas ins 18 and 19, respectively . There are six inac t ive  m i n e s  each
in Carroll and Frederick Counties .

In Vi rg in ia , minor  quant i ties  of copper ‘~ere produced in
previous year s  from pyri te  mines in the Gold k~’r ite  Pel t , indicated
in Fi gure }i~~). Inact ive mines are located in Amherst County
(Area A), Buckin~ ’iam County in Basin 21, and elsewhere .

Belationship to water.  Copper min ing  in N A P  is l imi ted  to one
mine in Maine but water use dat a are not available for this operation .
However , by re fer r ing  to the dat a of a 1962 survey on w a t e r — u s i n g ,
copper-ore producing companies of the Uni ted  States , some assumptions
can be made. Water used by the copper industry in the United States
in 1962 averaged 1,0145 gallons per ton of crude ore produced.  Of
this  total , 18 gallons were used in mining, 861 gallons for
processir~ t ,  and the rest for other uses . As indicated , the bulk of
the water requirement s by copper producers would be in j r000-using are
at concent ra t ing  mills in f lo ta t ion c i r cu i t s .  The impact of t h i s
water us age would only nave a local impact inn a few isolated areas
since the possibility of’ large scale copper m i n i n g  in the  Reg ion is
remete.

Outlook. It is expected that demand for copper in the
Uni ted  states wi l l  increas e substant ia l ly in the future . If  national
needs require it and if  it is economical to mi ne , some new copper
mi nes in NAB can be expected to come into be ing  wi th in  the ne xt
30 years .

H - 75
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l EAD ANI) ZINC

Production and use. In l)(14, lead produced in NAB was a
by-produc t or coproduct of zinc m i n i n g .  Lead n u t  1 U t  is combined with
zinc In t h is report . Production during 19614 in New York was
tons valued at $16.5 million ; New Jersey production was 33 ,000 tons
valued at ~°).0 million ; and Pennsylvania production was 31 , h t ens
valued at $8.3 mil lion . Production in th t- NAB portion of Virginia
ceased in 1962 when 6,000 tons was produced . Total production In
19th in NAB and the United States is shown in Table H—i .

?inc is a chemically active element which alloys readily with
‘-ther metals. The relat ively high position of zinc in the electro—
nat ive series accounts for its extensive use as a coating t o  p r ot ec t
iron and steel products against corrosion . Other important uses are
in die castings , wrought or rolled zinc products , an alloy constituent
of brass , and zinc oxide .

Lead is used indus t r i a l ly  both in i t s  meta l l ic  form and in
compounds . About 55 percent of U.S. lead consumption is for storage
batteries and tetraethyl lead . The remainder is used in o u t ie
c ovn-~~ i n n g ,  paint pigm ents , building construct ion , ammuni~ ion , and
various alloys , chief ly  solder , and bearing and type metals.

As indicated in Figure H—12, lead—zinc occurs in all fltates of
NAP except Delaware and Rhode Island . Some occurrences contain only
l ead or sins- , but rn-st contain both metal s in vary ing pr cp - n - ~ i on s .
;-:n~~rti1~~y ,  primary ares of lead and zinc rI- closely associated

“ 1r ~oraxogically . Some on -s are complex and contain copper , iron ,
n-~~1d and silver , and occasional ly nickel , cobal t , arsen ic , and - - ther
metals. “ar ious combina tions of minerals  may occur in complex
leposits and lead and zinc may be of paramount , secondary , or of only

• m i n o r  corrmnercial importance.

A review of the various deposits follows

t t a i n i e — — L e a d  and z inc  occurrences tint ’ f ou n d  in  t hree
general areas — coas tal , nor the rn , and west i r s .  The coastal area of
Hancock and Wash ingto n  Count ies (Basin 5), I n - -dOm inates in t he  number
of -Fe 1- os i t  s. Two compan ies  in I l annoock C - i n n t y  a r t ’  t ’nj ~age I in exp lora-
t ion  and devel opment work for p roduc t ion  of c d - I cr , i t - n i l , and z i n c
ores. The deposi ts  - ir e  near Blue H i l l  and Hurhorside. T}nt Blue
lu ll deposit  has been exp lored and d e v e l c I l l ex t  en i s i ve ly  and is
r i -p c-n -ted  to be ready for product ion . ~ ix ot h e r  p r i n c i p a l  J t - p o ~ I ts
-sn-i prospects  are located in Hancock ~~~ u t i t  y . ~ n Washiogt on County ,
t hree occurr- .-n r e c  are- known , and i n n  t h e  wes te rn  area , there  is one
- ‘i s  h in tx f t - -I ‘,o~f le y  i ct  , and Franklin Coun 4. ii’s. In t Fi r northern
r-a (~ n-~~j rn ? ) ,  an occurrence has been n- i- i - r I  i -I near New Lin i -rick ,

k ~~- i u r i t ,y

U — in
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New H ampshire—-The Stat e is underlai n by a th ick  - ‘-iuence
of schists , ç1~y1lites , slates , quartzites, impure marbles , and
volcanics which have been downfolded into a major north—south
t rending syncline , intrude d in places by granit ic  rocks and broken
by thrunt faults . Distribution of some lead and zinc deposits appears
to have been structurally controlled by major thrust and normal
f aults , which are close and parallel to the Connecticut Rive r , and
by fractures along the flanks of plun ging an t ic l ines along th is  same
ri ver.  Mos t of the lead—zinc deposits lie along the eastern side of
the Connecticut River Basin but a few occurrences are east of the
White M x ~ntains . Deposits are found chiefly in Grafton and Coos

‘ount ies  with U and five principal localities , respectively . Other
counties having lead—zinc de posits are: Merrimack ( 1) ,  Carroll (2),
Sullivan ( 1) ,  and Cheshire (1).

Vermont--Bedrock in Vermont is s imilar  to that of
New H ampshire , underlain by thick sequences of schists , phyllites ,
slates , quartzi tes , impure marbles , and volcanics . The syncline ,
mentioned in New Hampshire section , continues into Vermont and is
broken by thrust faults and bordered on the west by the Green
Moun t ai n anticline . Three lead—zinc prospects are located in Rutland
County and one in Laznoille Coun ty ,  all within Basin 11.

Massachun et ts——Most  lead—zinc  occurrences are found along
the Connecticut River where conglomerate, sandstone , arkose, shale ,
thin limestone, and basaltic lava flows di p gently eastward. These
rocks have been intruded by diabaz e sills and dikes and are broken
in places by normal faults  which  t rend  northeast  and have a dis-
placement f several hun dred feet .  Mines or prospects are located
as follows : three in Franklin County , two in Hampshire County , and
one in-i Essex County.

Con~nec t i - - n t — — T h e  bedrock in the Connect icut  River Basin  is
s imi la r  to that  of’ Massachuse t t s .  Some of the  le ad—zinc  m ine ra l i za t i on
occurs in narrow veins alon g fault zones between schis t  and con-
glomerate.  Glacial  t i l l  and san d and gravel obscure most of the
F e  dr ’j c k .  No lead—zinc  product ion has been reported in recent years
but two inact i ve mines each are located in Middlesex and Fai r f ie ld

ounties

New York- —The crystalline rocks of the  nor thwes tern
Adi rondack Mountains are overlappe d on the west and north by meta-
morpho sed sandstone , l imestone , and dolomite which outcrop ch ie f ly
along the- it. Lawrence River .  Bedrock of southe~~ tern New York
nori:ists of metamorphic and igneous rocks of the  Appalachian Mountai n - i
belt . The zinc occurs in overlap p i ng  lens es and pods replacing imp ure
limestone . Act i ve Jead— zinc mines are in Basin 11, located near
Edwards and Gouverneur , St.  Lawrence County . W i t h i n  the county ,
n umerous inactive mines and deposits are near Ross ie , Malcomb ,
Edw ards , Balmat , and Gouverneur . Other  deposits are s i t ua t ed  in
Oran ge ( 3 ) , Ulste r ( 1) ,  and Sul l ivan  ( 2 )  Counties , all in Basin 12.

H —
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Pennsylvan i a——The l e a d — z i n c  deposits in t h i s  ft,nit e are

usually found in the int ense ly  folde d rocks of the  Appalachian
Mountain belt - Lead—zinc prospects or occurrences have been reported
in . 20 coun t i e s  in Penn sylver ia.  The only active mine  in the ft a t e  is
- it  Friedensville , Lehigh County , in Basin 15.

:~- - -~ Jers e y — — P r i n c i pal deb osi t s  of lead and z i n c  occur in
Su~nsex ’ounty where the bedrock is composed of metasediments  inter-
calated with granite , ~‘ieiss , and pegeatites, and overlain by more
recent sed iments .  At location 1 (Fi gure H— l2 ) , Sussex County, the
Franklin and S t e r l i ng  Mines hav e been large producers of z inc  for over
100 years . The Franklin Mine has been worked out and abandoned but
t h e  Ster l ing Mine at Ogdensburg is s t i l l  producing man gani ferous  z i n c
ore . Othe r inactive mines are located near Andover , Sussex County .

Maryland—— Lon g i n a c t i ve  lead and z inc  mines and prospects
are located in the Piedmon t upland of western Maryland where bedrock
is ~ ieiss , quartzite, schist , marble , j*iyllite , and greenstone
intruded by grani t ic , gabbroic , and ultramafic rocks . The ore occurs
as replacement stringers in limestone between slate and crystalline
limestone . Lead—zinc localities are in Frederick County (3) and
Carroll County (2), both in Basin 19.

V i rginia—-Ore deposits in the Piedmont region generally
-onsist of steeply dipping veins composed chiefly of pyr ite , with
accompanying chalcopyrite (copper), sphalerite (zinc), and galena
(lead). The veins occur in crystalline metamorphic  rock associated
with intruded igneous bodies. Within the North Atlantic Region there
are several inactive lead—zinc mines .

West Virg i n i a — — T h e  area where zinc occurs has a geolog ic
setting similar to that of the northern Piedmont of Virginia. There
is only one deposit in the Stat e and although it has neve r been
worked , commercial possibilities are present . This mine is in Basin
19, located about 7 miles southeast of Charlestown near the east
shore of the Shenandoah Rive r in Je fferson County .

Relationshi p to water. In 1969 , the Sterling Mine , Sussex
Coun ty , N . J . ,  produced about 25, 000 tons of metal in d i rec t  shi pping
ore . The water used was calculated to be 273 mil l ion gallons , of
which b mill ion was rec i rcula ted .  Nearly all the  water was discharged ,
with about 15 million gallons being treated by ch lor ina t ion  and
2 million gallons consumed. About 8,300 gallons was used per ton of
metal and 31 gal lon s was used per dollar of product produced.

The Balmat and Edwards zinc mines in New York State produced
nearly 61,000 tons of metal using 626 million gallons of water , of
wh i ch 619 milli on gallons was discharged , and the  balance was
consumed. None of the discharged water was treated. An average of
10 ,300 gallons of water per ton of metal and 38 gallons per dollar
of product were used during the year.
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The mine near Timberville , Rockingham County , Va ., was closed
in  m i J ~~l0b2 o ’-cause t h e  ore was depleted. During the  t i rr~ of

- ~~ -r at  ~on -~ve r F~ ,OOO tons of z inc  and lead was produced using
73 n i 1 l i~~r ccillons of water , of which 1 mil l ion gallons was
rt- - ’i r cul st  -d .  N ear ly  all the water  used was discharged wi thout
t r e a to ’: - About 3, 800 gallons of water we re used per ton of metal

r-c laced .

u~ 1ook. The long—term upward trend of U n i t e d  f t ates lead an d
zinc consumption is expected to continue . New discoveries can be
- x~~o-~t e d  t o  maintain domestic production at or about its ores ent
share of the domestic market .  New discoveries and new n-ti nes have
not L e on developed in NAB . Unless exploration and de velopment

~nsrease, NAB production will decrease as mines are depleted .

It is probable that in the long term new mi nes will  be
develc ted as older mines are depleted in NAR. This wil l  result in
a~ p r o x i n at e ly  the sane water use , but in di f ferent  localities.

FERROUS ~~ TALS

I roduct i on and use. Chromite has not been mined in NAB since
t h e  end of the Civ i l  War . Sporadic attempts to mine chromite since
‘tie fl have been unprofi table. About 60 percent  of chrornite consumed
is  us ed in alloys and 30 to 35 t e rcent  for re f rac tor ies . The balance
is us ed in chemi c als .

The 1-iedmon t Upland of Maryland and Pennsylvania is the only
area in NAB that  has a record of pas t chromite production ( f ig .  H — 1 3 ) .
The se rpent ine  r ocks  of th is  region have be en mined  for both h i g h —
grade massive ore and low—grade disseminated chromite , both grades

which occur in irregular and unpredictable form. Placer deposits
are fo un d in arid mit - ar streams that drain the areas of s e rpen t ine
rock deposits .

In Basin 17, 18, and 19 of Mary land , ch romite occurrences are
located in f ive pr inc i pal areas which extend in a nor theas ter ly
di rection from Montgome ry County through Howard , Carroll , Bal t imore,
Harford , and Cecil C o u n t i e s , continuing into Basin 15 in Pennsylvania .
In  Maryland , four mines and prospects and four placers , all inactive ,
are in Area A. Areas B and C have one ari d two inact i ve mi ne s and

ronpects , respect. ively . In Area D there are f ive i nac t ive  mine s
and one placer occurrence. Only one i nacti ve mine is in  Area E.
Howeve r , w i t h i n  the area are s i x  placer deposits and 12 stream beds
wi th values in chromite.

In Bas in  15 i n  Pennsylvania , two inac t ive  mines are in Area A.
Placers in the area are found principally ai ong Con owingo Creek and



i t s  r i b u ~ t r i e s . In A r - a  it , 114 i nac t i ve  m i n e : ;  and i r s i - - ct s  and
- m r - c pl ac- ro are s i tua ted .  Areas C arid D have two and three inactive
c-d nit -i; and pr sp e c-t s , respec t ive ly . Also w i t h i n  Area D ir e p lacers
in  s t ream ;,  valleys of Chrome Run and Cheste r Creek .

ome 1 w—grad e- chromite occurre nces are known in  Sal ri- s .
of’ t h e s e  posits  have commercial p o s s i b i l i t i e s, and s i n  t h s  avcr :iy;
grad - is less t h a n  0 .35 m~ -r ce n i t  chromite , no e f for t , has been made to
map the locations .

Relat ionshi p to water. In th e  event that ,  it becomes necessary
to mine the low — -ii-ade chromite ore deposits in NAB , the crude mate r i a l
will require- beneficiation involving the use of water ;  probab ly not
less than 500 gallons per ton of crude ore treated. The processing
and beneficiation of low—grade chromite ore under i-resent technolo~~’
would riot have any deleterious effect upon water qual i ty  provided
that flotation reagents are neut ralized and suspended solids are
removed before water is discharged.

Outlook. Future potential of chromite deposits in NAB is
robably l imi ted  to min ing  the  reserves of low—grade disseminated

chromite if the value increases severalfold or in a nat ion al emergency .
Major changes in the supply and use patterns during the next 10 to
20 years will involve increasing use of chromite fines and concen-
trates , increasing use of different types of chromi te ore, and
reliance on relatively few sources . World reserves of metallurgical
and chemical grade chromite are more than adequat e for many decades,
but known reserves of refractory grade ore are not large . Almost
all chromite used in the Unite d States today is imported , be cause
more than 90 percent of the domesti c chromite resources consist of
low—grade , high—iron deposits . Unless technolo~~r develops ~nethods to
upgrade domestic ore into usable concentrates , the fut ure of domestic
chromite ore production in NAB is bleak .

IRON ORE

Production arid use. The iron ore producing States in NAB in
1 ~~1. were New Jersey , New York , and Pennsylvania. Water users
produced ~~~~ million ton s of iron ore concentrate valued at $71.5
million . Table H-l contains additional dat a comparing NAR production
wi th that ‘j f’ the United States .

Iron ore , in addition to supplying metal for iron and steel
pru-lucts , is used in pigeents , cement , refract ori es , f luxing agents ,
~~d aa a constituent of some catalytic agents. Magnetite , one of
the ore minerals also is used for aggregate in concrete , as a shielding
material in nuclear power plants, as a medium in ji g beds and sink
float plants , and as ship ballast.

H - 82



— - a

~~~~~

/ —.
‘ 

- 
— ) . ~ /

,

/ ~~~~~~~~~~~~~~ . /
/ - --,“ “ / ~

_ __ _‘; 
‘ 
/ ‘— - \~~- , _ f 

— u,-

-

‘ — — 
~ ~~ ~‘ — 

/ 
— 
.— - .

~‘
. ~ /

_ / “
~~-J 

I

- 
~
“ ‘— / ‘~i~ 

,. - /
I ~~~~~~~ 

- ----- - ‘,.4—i. / “ -
— / - --

~ 
—1 

~~~~~~~ _— - -‘- - “ -
~ 

-— -
-“ ,~~~~

-.... 
-__ _ / — ~~~

_ -

— ~‘- ~ ! ‘- . / ‘..‘-.- i
- 

- ---- s - -- -~ r -‘ -
- - _i_- - ‘., -

~ 
_.,_
, _ ., — - 

\ - 
/ (

~~~~- ~~~~
- —

~~~ 
/ -

~,- I 
) 

— ~~~~~~~~~~ ~~ - — - 
-~~~~-~~ 

-~~~- 
/ C ,

- -ç - -- - — - -, ( — - , -
- I— ‘~ ~~~ - 

_
—
-/ 

f__

— s- -~~~
‘ 

~~ 
/ 

~~~~~~— -
_ _

\ /
- - 

/ _ __\ 
—,_ -

‘~ / ~- / - - 
/

\ • ~~~~- 
_ r 

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (

_ / ~ / 
_ -

_
; —

/ ~~~~~~~~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
‘
~< ~~~..

—~ 
‘i— _ 

—
- — - 

(_ - - -. —
-

— — ~~~~~~~~~~~~ 
~ ?

— -
~~~~~ 

— - 
/ 

I — 

/ 

~~— L ~~~~~~ 
— —

~~~~ 
~~~~

- 
1*~ A ~ 

~~ 
~~~~~~~ 

•

~~~~~ 

-

/

/ ~: 
~

- ~ 

/
- - I NO R T

I



C A N A D A

~~T 

/ “ ? “
— ~~~ 1~~~ 

-
~~~~- ~~~~ 

— 
-
~~~

--
~~~ 

- 
~~~~r - ~.d’ 4’,, 

~~ 
/ 

~\ / 
— 

/ I 7 
~~~ 

-
‘ / #4 / 03 / - I 

— -/ -, _ _ __ / - / 
\ - • ,

~
‘-  -‘ _i — - — - ----,\ 

~~~- I ~ /
‘ 

— ~~0 - :7 / -
‘ ) ~~~

1•
~~~ - (~~/

— 
‘
~~~: 

~~ 
OJ ’ 2~ o~

— L 7 ’ ~~ - r\  ~~~ 
~~~~ / 

- / 7’— —- 
- _ , ~~ - ,  ~~~ I ~~~ ,~~

_

, / • / a- 
~~~ 

, - E ~~~i~~~ - - — ( ,_ _ _ r 
~— ‘ - - ‘ — - /. ‘ ~ I / ~ ~~ / 

~1 ,- -~‘ — <  /
— .~-m- 

— 
—
~.

--- /~~ / ~t— __
, -\ \ 

,- - — ~~— 
— - 

I

i

”

: 

~~~~~~~~~~~~~~~~~ 

i:
~: 1 - ~ 

;
~~~~_

, 
-~

-

J / / > -- ~~~
. 

~~~~~~0, 

~~~~~ 

~~~ 
‘
~ (— - 

$_•_
l’ ~~~~~~~~~~ 

- 
f :,.-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~— i ~~~~~~~ -~~ 
— 

~- 
U C

- 

-

- 
‘7 — 

0

~~~~~~~~~ ~~~~~~~~~
‘? CHROMITE , NICKEL , COBALT , MOL YB DENU M , GOLD

L E G E N D

C h r o m u t e  a rea

N icke l  ond c o b a l t  a rea

. N i c k e l  and c o b a l t  d e p o s i t
H AT L~~NTIC REGION

~ Mol y b d enum d e p o s i t

Bureau of Mines 
- 

:. Gold  d e p o s i t

T i t o n i u m  d e p o s i t

1 9 6 7
‘- ‘ A c t i v e  t i t a n i u m  min e

~- ;~~ ~~
- i ~~- ‘ ~~ 

;~ s ~ r - s - - ‘~~~-~

6 8 0 6 32 48 64 I ‘- ‘ . ,i ~~~~~ * i i -  I oi ’ d ~~~ ‘ - ‘ c  , 
- F IGURE 11~

‘ ) -, I -~ -
S c o i s . mul. ,  / 11— 8 ~

I 
- - —  - - - -

~ 
-— --—- —-———-— -—______



Various -leposi ts of iron or .- ex is t  through ou t the  B e i  or:
ar - m d i  c~~t ui in Figure ii~~l~i . I ron ore depu :: i t : ;  mr~.’ tie divi d- - i  i r t u
f u r  mcii ;: - y

~ es - -a tb . -  -i-c is  of t h e i r  ml ri ’-r ai 07 ’y a n !  in order ut
C c u l u - m i c ~: ; a n - c :  i)  nmia~~i - t  i te , 2) t i t a r i i f . - r u r ;_ m a g i : - t  ~~ ‘ - ,

3)  - - m a ;  i t e , ami d 14 ) l i c -~~; i i t e .  A review - i f  t he  : ; i g n i i  t i - - s i c - -  of t h e
do pos i ts  w~ ti. in each ;t a t  .- 1.; a:; follows

r inci l i - :l otei t 1 mi -I suur ci- : ,l i ron in S- t i  n : -
ar -  in — - c i r ;  1 in l :-- -dded , m an / - a r / i  ferous , i r o n — l - - - :r i n g  -1~-posits in
Aroos to (  r: - - w ty - s e t  the p y r c h o ti t e  deposi t: - it . Kat -di - Iir m . Thu
mrs gwic . ; .- — h e a r i  rig .~ dimentary rocks of Area:; t ook ‘o wity  mi - r i -  li -m it i t e
slat es mu -I banded hematite. Foldin g and metamorph i s m  -~cm n v e r t  i ’d ~~~r i,-

of the t erratite i n to  m ag r u -t i t . - . These mnangan i feru u . : iron du 1x sit::
ar- in  th ree  i ia t r i c t s  . The h u r t  hem District. , A r ea  A , we:: t of t i1  -
towns of 1 ru-;-~ue Isle and ar i b o u , is 25 m i i i - - - b u g  with ii rnax irm Wn

wi - i th  of 18 mi les . t h u r  - i-re 22 r eported ir, :;pect ~
; or tepoc i t m; In:

t u e  i o r t h ur n  D i s t r i c t  , of w h i c h  Lh~ h r i n c i  pal i---cu rr ence iS the
ud i- :y 2. -r oi l t , ~~-st  of i r i s - i a . ;  Isle . The f- - mi t r;d District , ~~~ - c t  :; ,

is 15 mi leS ~- st of Briilgewat -- r by road -so d 21 mmm i le~ n o rth  of l icud ton ;
it i.; il-out l— 3/ 1~ miles long - .nol over 1/2 mile wi -i.- . The main
iepo.: i t  of t h e  Central D i ; ;t r i c t  is in the Map le  Mouiitai n—Hovey
Moun t ai n be g !  on. The Southern D i s t r i c t , Area 1’ , centering aro irel
I m o u t t o ; :  is id mi les lon g -i-n d 8 miles wi de . The ~e i U i ~i;rri Distri ~~t .

was inv--stig at --d by f t -s Bure au of Mines in 196 and i i~ 6 and - - v e t
irnport-u.t deposits were found. Bog iron ore (limormite) has hi - i - n i
i-rodu sed at curiy local i t ies  and many other de posi ts  are known , but
are too :;ca .i 1 an-i variable in grade to be ru ined is ius i c-nically under
j-rcsent conditions. A few small deposits of hematite h a ve  i - - n
fo-ir ~ 1; t hi- f - r I  mci pal -Ic pos i t  is in the town of Waif - , in the ii or thu e m :
b i st r i c t .  Magnet i te  has lie e - ri  reported in v e in s  in  gr - in i i t . -  b u t . i on ic
of the de posits are commercirsily import ant .

~ .-w Hampshire——All iron deposits -jr too small f r
coraiie rciai development at the pre :;enit t ime . S- i - r e t , i t .-  W a: ;  mei o -  - I at .
17 p r i nc i pal Local i t ies  wi t h i n  the  State but m o s t l y  lie fore 1 8 t - -

7 - r r c o n t — — A  d i s c- s ot  I nuous belt ( Ar mi - A)  of’ mi xed kaoli n
ocher , s- t m I, and low— grade  man gan 1 fe rous i r i s .  . - x t  - r ; I S  t !i r o u e f :
Ru’ land u I ttennington Ccuniti .-s to the V er mnui t_ i ,h i s . ;a c h u s e t t s  l i m o :
in B a s i n  8. l’he belt i.  along the western foothill s of the Ir - i
Mountains -u: il is appr oxini oJ - - i~ -l () miles l o r i ~ — i -~n - I  ;~~: m u  1: a: 2 mn 1.- -
W i  ic .  I n  i _ l i t  - i s , the l~ -1t ci r i t a i n s  vei is; o f ’ i t - - r i  s i - I r r ; - u i g m i r u - : -  - i n - - - -
W i t h i n  t h u L ;  belt , in WI ; I ;; - r ‘oum it y , depos it  Wi re worked and t h e
ore w e :  ::r-: - -It ;- i locally. Irr.-~ ular clistri t-ut ion , pockety occur r.-nc .- ,
-s -i van u - I ’ ;  iua.1~i ty  of L i i .  ir e  Ws-re 1-ri nci F il i j u : ; -5 of f t  Iwe

many of m i n i n g  oi~~-r at . i - : n i s  i n th i s  belt . A m u o n ! - -  -r  of jr - i i

deposit.; inn -:tl ;ui - 1 , Thi t t - r ; - 1 - - r i , and Orleans ‘ tu;; t les h av e
i nivu s t ~ j ’ - i t  i i i  by the U . ; . Burt-au of Mines

I I  —

1-~~ PI1~ PA L- -~~ :cT



- ; t  s — — I r - j m  I--i - i t s  m i - r i - found ; - r i n i c i !~i1 l;j i n  11mw - —
• 

1 7 - , L’ ~~~
- - . Ar ~r - . r  j r - f a i r ; i n  i f i e  west -rn ~- r 4~ of t j 1 i -

- t a ~ 1 l A r ’  -i A )  ~~m t -  t -ts~ 1 IL’ r j 1 0  l i - po s i t ; ;  i r :  I r e  St i , c k t  r : - igr -
i i ; - , ’ :3’ em . ’ . Tb: ;  - In  i t  r i  - t . - 1 j ; i - - -111 ; e i t i cu t , V ’ - rm ir . ’ , ami d

N - Y - - r k  a - u ’ ’ - m u !  li t - ;; j r imm ri jally in Basin  10. t b . r n - -  t j ; i -
- - - m .m n r ; . - r - u - ~~ l y j c t - o c t  m u n ~ -a - I - - j 051 1 ; ur in  F r a nk l in  (~;)H u ~xm: i o r .  ( 1 )  - i - , m . m  _ . - s .  b- wri ;- s- r - k - - ~ at r iirr ;i - ’-r -

in  i - s s . - x  ta I H~c’~ j i m  (‘ ‘ -~~~~ * .~~ . j d i rj t  ir :  v i t O  l i r L o r i t -  I L
L i  r’ . Es: ; .- x , s :I  ~ r - - ~ t - - r - - - - in ,  t it - ;-

- , i - -~ —— ft. . ali:; t ury D i s t r i c ° in the  wi-s t i - r n :  r a rt.
I:. at . was - - m e  -I t i . -  a- -r ’ - i r n j  cr 1  a n t  iron or- - p r o d u - - i r ;  ~~~ - .y~~-~ i---

i n .  ‘ f i t- 11- .’ 1 - ; .  in hi - .- - erly I - u t t ;  c - n i t . -sry . The ~tr- has scot t - - r- -I
-b ;-cs I ’  - lim~~i i t  - and go - t l u j t e  occur r in ; c in  wr-athere d l imestone
ta I schis ’ . b v t - n i  if ~ .-r t hi - mi. - v *-loj c--~r i t  of Lake u t- i - n or ori-s , t i e:;

d in t  ri - , -~~t t  inw-;1 t~o produce fur  a r um! er of years . A 1t}iougY~ t i e
m e n . r- ~ - m ; t  * nt of f t  - - Wa:; on ; 1-i 140 t 50 percent , i t s  l o w  pho sp h - ; —  

-is -ta d l~i ci; rmsir i~ - i-r ;e r ~- c o n t en t ,  made t h e  Sal isbury ore des i rable  for
n i u - -t  i -:-:~ of car wheels  and ordnance . P r i n c i pal d e p o s i t :  art - r e a r
.1 1. 1 u;-y , Lakevi ] ii: , u: d Sout h K e n t .  Small bodies of nag! ;-- !  i t o  occur

i n .  rr~iny places. ~iderite has been mi ned at Roxbury , Lit chf i--i d
- - -s ty . B- -g ore:; have bei-n mined fr-air , a n umb .-r  of deposit;; ir~ i l i - w

1 -soda ;. , W I r;-l!~am , and ‘1 ;l lar id  C o unt i e s .

Rhode I s l an d—— M in or  p roduc t ion  of iron ore has i - i - n .  ri t r !  ed
from four i1is j~~c i t s  in Providence County ( B a s i n  9 ) .  A m u g ; . - i t e —
l i n t - n. j  t u- mi xt ure ( cumberlandite)  c o n t a i n i ng  about 30 p .r .; m t i ron
tad 10 l e n - c - n t  t i t a n i u m  dioxide oc cur s in a p or id o t i t e  in t ruSion at.

I!- u: Min e  lu ll in Cumberland , Providence County .

New Y o r - k — — I n  Basins  11 and 12 , major m n m i g n i e t i t i -  deposits
occur in t i 1 - t ier 1 h -r n Adirondack Region ar id Hudson Hi ghlan ;is m 11 ;u

( u n - - is A , B , C , D , E , F , and H). Active mmtgr etit - rmri nes are m i  
-

CI i ml mi mi and Essex Cour t i i- : ;  . N u m e r o u s  m acti vi .- m i n e s  and d - p o ; ; i  t S
are in C l i n  on ( L I )  , 1-Isoe x (11) , St.  Law n c r i c ~- ( 3) , Washi  m ; g t on ( 31)
a i d  W a r r - - n ;  °o W : t l e s  ( 2 ) .  Are a H , w h i c h  € - x t € - r :  I: ;  f rom the  Connect icut

- it tu u n ’- th rou gh -u I it m an ;  and Orange Counti - ’c i r ; t  i t  Passaic  County,
c - a 1 a i n s  15 inactive mines or prospects. Deposit :; of t i t a n i i f —

- - n - - u:; magneti te occur in tb. Lake San ford are a , Essex County ( Area D ) .
San~n : i - t i t e  ~ii; a co i - rmi duc t  of i lm e n i t -~- is ru r r e n t l y  pr oduce-~ at t h e
t-1 - e’Inty r . -  mi ne n e a r  Tah aw us . Seve n o t mu er  t i t ann i  ferous mmi ’ n ;- - t i t e

-.r- - w i t h i n  Are a D.

11 .-na t it .- - I - jo : ; its occur in the Clinto n formation of Si luriam:
~~~

- in the w i n t e r - m i  art of the  Stat e ( it a s i ns 12 and 17) . ‘i h e bed s
( - r - )~ out in a narrow f x - l t  t hri ~ extends from liagara  Falls to Cherry
Valley im u Ot;m .-go Cowit y (Ari a 1) . The th i  ckest  l i - d c  extend from
eastern ~)n/ t! j  ‘Jo uur it y to w i - c t  -r n  Wayne ( 2 - u n i t y  . Another rim - i - - u of
h i -  -ma t. i /~ - - di - p~ si t  :: ( A r i a G) u - x t t - n d : ;  from Ant w . - r j  townsh i p inn
.1- - f f c - r s  on C - ;u n i t y  t i  (2am ¶ ori townsh i  p in  C L .  law re nce County . The
- ir ’- ;: w~-r  - p r - v i  ouns ly mi ned pr i mci F - mi ! ly f r  1 1  ~~i . t ut  ma ter - i ol
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~~ tkmo;m gh mos t of Li i . -  or- ;  is n - i f — f l ux i ng ,  t he  hi~~ minin g cost s and
relative-ly low iron and high phos~~~orus con tent mak e the ore
u n e c o n o m m i m m m . l  to mine .

Several limon it e - l i -p o s i t s  foun d in Dut ch ess - ti ;d Columbia
Counties r ’-pr esent  an ex t e n s i o n  of the  Sal i u ;-u m -y  l i ct r i c t  in
; ‘osro’c-ticut . The geology is t h e  same as that for the Connecticut
deposits . -;ide -r ite cr ap s  -;ut- in a belt ~ miles lon g near (]r-men ;j mi int

an~d L iv ings ton , Columbia County .

Ni ;w J e r c e y — — I r o n i  ores that have been mined  w - r e  l i m o n it -e ,
hematite- , and magne t i t e .  Limoni te  from bog ore di-pos i t s  w i - c  develope d
in early years but more recently ma~~iet1te has been mined almos t
exclusively . Maj or magnet i te  deposits occur in Passai c , Warren ,
Mi-rr is , L m ~ sex , and Hunterdon Counties in Basin  114 aj ;d 15. I l u m c - r n u u
mi nes or mi j - ronpe c tc  occur in Passaic , Warren , m ui d Morris -Low~Lies
asd production con t inued  until the nnid—l960 ’s in Morris County .
He~~ t it~~ -ii~posits occur near Andover , H amb urg , and McAfee , Sussex

~iounty ;  an -i near Phill ip sburg, Warren County .

Delaware-—Bog iron ore was mined in Sussex County near
the Maryland border early in the 19th century . Reserves are unknown
but probably very little ore is left since the deposits were shallow
and mining was discontinued in the 18140’s.

Pennsylvania——Hematite , l imonite, and magneti te have bee n
mined within the State for many years . Hematite ores wer.- produce d
in great -ib undance during the 19th century. M-ign ; -:-tite is mined
currently at the Cornwall mine in Lebanon County arid at the Grace
mine in H -rk-c County .

h e m a t i t e  ore occurs chiefly in the Clin ton Format ion in Snyder ,
M i f f l in i , Parry , Juru ia t a , Blai r , Huntingdon , Bedford , Columbia ,
Lycoming , Mon~tour , Union , and a few other count ies . The ores are
us ual ly found near mountain slopes in th in , st eep ly dipping be -Is .
Reserves of l imoni te  are indicated at Boi l ing C r -r i n g s , Cumberland
County; near State College , Centre County ; and in other de posi ts
in Blair , Cent re , and Huntingdon Counties .

Maryland-—The known iron ore deposits are small and none
have be t-nm mined  in recent years . Inactive mines and occurrences are
in Carroll arid Cecil  our ities ( magnetite) , and Freder ick  County
( rn agn et l t i ; , hemati te , and l imonite) .

Virg inia——Princi pal iron ore deposits are found in f l i t
Piedx~~nt , H - lue Ridge , and Valley and Ridge provinces . Most of t F u i -
iron has been ob t ained from mines in the  Allegh any—Bath Limonit -t --
Distr ict  w h i c h  is located in Basin 21.
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I nact ive mines  ‘tn-i del-on its or-- b eat u--I chiefly in Al1--ghany
- cmi i  / r  Count i u-n  . Additional mines it m mrl ru: ;m-ec-t ;; in h -nna ~

di - - -a : t S i -  locat i d  I -  - Lw- -en Waynenbor- - arid b o ;t r m -  - k . - ( An - - -a It)
In Bat h County (Are- a A), hematite 0cc-or-s in the Cl into: (.;ar;-lntorre)
l-7irnnmat. i - i n ; .  Magnetite and hemati te  di-ponits occur in a nan- i-- v (- - -it
alon g t l i i -  James RI ve r- fr o m :  h i rw oc i d to Ly n ch b u r t ’  (Area  C )  . A f - - v
deposits of rrmap~ et ite are alon g the James R i v - - r  in Nelson ut -I
Al i - e ;m: m e r I e  c- aunt ies

West Vir ginia—— Numerous ( t i - m a t  i t e  d - ~ u . n  t~ wi-r i- formerly
worked in Gram-ut , Hardy , Hampshir e, Mineral, Monroe , and Pu- n -U t ot .
Counties in La sin  Id . Mos t -~-f t i m e  prospe -t o and pits were small and
- --ut~-ut was used locally .

Belatic’tsh ij to water. Iron ore production in NAR i~; ‘o -n - en—
f rati-d using magnetic separation (wi t or - ir y ) ,  tabling, - -  r m ~v~~ty , or
h o t  ation methods . - e t tl ing  or f i l t er ing  is all that is ne--i’nsary
be -n- the first three processes before discharging or recir culm itin~
water. Water from;; t ime flotation process may have to be t rea c-I to

m a  i t r a l i  ze f lotation reagents before dischar-/’- - into surf-a - m minnels.

I tue industry , in 196 14, used nearly 18.9 billion u-’allon;s of
wate r to mi nt- and process nearly 5 million tons of conci~r~ r-~t~~; over
14 billion gallons of water was new and the  balance recircuJ ’f -- I.
tt- rc t h an 3 bil l ion gallons were discharged with 2.5 billion bei riu l
t - r - - r u f - - d  by set tli ng, 260 million by filtering , and the bal L -- c
discharge d without treatment .

a i t  look. I r- - d u c t  ion of iron ore in S Alt is n;ot. u- x ;- ,- - -t c-I t.o
i n:-mr rmase signi ficantly .

I r -oduction and use. Max u~~amo- ;; e -ati rnangan i f - -r oo m ; em - - -  w - - r c
:n- - ,c I i m - ed in  NA B in te rmi t t en t ly  from t h e 1870’s through 1959 .

; - a - l u n k i o n  was anal 1 in the early years and -o1 p -m t was u ; m i - - I  locally.
2- mmll gw~~-se product ion has been reportr--i i n  NA~ s ince  l~~~- u  when
fbi - Federal Governmen t c-- aced pur;mhas i mit ’ me tallurgical — i - c - - -!--

; m ~ f’n~ ien e from pr o~i 1  ~; in Vi rc-i ni a. From 1052 th rough 10 }
c,IJ ~~r 112 ,000 tons of man ganos e ore produced i mu Vi rgi  nit. was purchased

;~i f l j  tim pr icer ;  for the k’-deral ‘tockpi le . Mangani I i  r m c  r es iduum
i. m ’ - ’ - o V ’ m  r d  a; mt b y ( - r - - duc t of z in c  sme l t  1mg — i f -  Palmert i - n m  , i - a .  , br a-nm-

nn~u igaiui t- row S i m m . ;  - - r - ’ -  m in d at S t - -ru ng Hil l , N . J .  ( 1~n i ; m u ; .  i s ) .

t i -u .gan i i s i -  is w e d  p r i n c i p a l l y  in t h i  pr e du im ’ iomi o f mIt i-u- I a;-

~i -I--r ;alf ur izn -r i n ~ I - I t - - -x i d i z e r .  T h r - - - -  r n - i - i - - n  m i s . -  i - o t t - g i r l  i - mi f i r
m m - t n c - am . -  - - . I )  m~ all org ii mi - I , i )  dry —~~~

- Ii fiat tory m on t - n  -~ ci un’ •
‘m n - I ~

) - h u r m i r ti l . M m un n’ -un i - ni- ii ; o a r  mb! ‘- i l y  in t m i  b - r i  i! 1~~ 1 1  —

T m uJ1 1 t n u , - n i -  f i  m mi ’  t .1 I iur g .i cal :ip~-l I co t  I ai m. . C t-yt n m i f - / r i  - i t .  n- - I - m um
C- -ro d m c :  - b e r n - i - m i !  lay .
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Deposits and areas of manganese occurrences are indicated in
Figure H— 8. A review of the deposits is as follows :

Three areas of low grade deposits of manganese are in the
iron—bearing sedimentary rocks of eastern Aroostook County , Me., in
Basin 1; another deposit is at Blue Hill , Hancock County ( Basin 5) .
In New Hampshire , deposits are near Winchester and Hinsdale ( Basin 8) .
Three deposits are indicated in Rutlan d County , Vt. (Basin ii) , near
Bran don , Chittenden, and South Wallingford. Other minor deposits in
Vermon t are in Benningt on , Rutland , Orange , Addison , and Orleans
Counties . Deposits in Massachusetts are in Hampshire (Basin 8) and
Berkshire (Basin io) Counties . Also in Basin 10 in Connecticut ,
deposits are near Salisbury , Litchfi eld Coun ty , and Redding ,
Fairfield County.

In Basin 12 in New York , deposits are located in Columbia ,
Dut ch ess , and Putn am Counties. Other small deposits not indicated
in Figure H— 8 are in Westchester , Orange , Essex , Albany , Warren , and
Rensselaer Counties. Mangane e deposits in New Jersey are in Sussex
County (Basin 15).

Three principal areas for manganese are in Pennsylvania: in
Lehigh and Berks Counties , Basin 15; in Dau~~in , Lebanon , and
Sch~~ 1ki ll Count ies , Basins 15 and 17; and in Blair , Centre, and
Huntingd on Count ies , Basin 17. Other deposits in Basin 11 are in
York and Cumberland Counties .

In Virginia , four principal manganese areas are shown in
Figure H-8; two are wi thin Basin 19, one in Basin 21, and another
extends in a narrow northeast trending belt through Bas ins 19 and 21.
Many inact ive manganese mines are within this narrow belt in the
western foothills of the Blue Ridge Mountai ns . Other occurrences in
BasIn 21 are in Botetourt and Rockbridge Counties ; in Basin 19, an
occurrence is indicated in Augusta County .

Relationship to water. Manganese is not produce d in NAB at
present , so water quality and pollution are not a problem. H owever ,
if product ion occurs in the future, concentrates will be produced
using jigs, tables , and log washers. These processes all use water
and pollution will be a problem unless control methods are employed.
Quality of water for benef iciat ion is not import ant .

Outlook. The world supply of good quality metallurgical
man ganese ore is substantial and probably will not be of concern to
users in the United States at least until 1980 if foreign supply
sources remain open . If foreign supplies are not available, sources
in NAB may be developed into producing mines or man ganese nodul es may
be recovered from the ocean floor. The outlook for battery grade ore
supplies from foreign sources is equally good, but should these
sources vanish other types of batteries would be used . Technological
wh ’ances in battery making and growing use of rechargeable batteries
which do not contain manganese are expected in t he  fut ure .
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MO LYBDENUM

Production and use. Most of the United States production of
molybdenum is from one mine in Colorado; other dceiestic production
is chiefly as a byproduct of copper and tungsten mining. Molybdenum
is used principally as a ferroalloy. Mino~ uses are as metal and
in high temperature alloys and chemical applications. Although not
produced in NAB , molybdenum deposits occur in the New England States.

Deposits and occurrences of molybdenum are shown in Figure H—13.
In Maine, eight deposits or prospects are in Basins 1, 5, and 6 in
Aroostook , Washington, Hancock, York, and Cumberland Counties.
New Hampshire deposits are in Basin 8 in Cheshire, Coos , and Grafton
Counties. Also in Basin 8, molybdenum is reported to be present in
the ore of an inactive lead mine near Easthampton , Mass. In the
Basin 11 portion of Vermont, one occurrence is reported in Rutland
County. Molybdenum occurs in a deposit near Woonsocket , R.I.
(Basin 9).

Relationship to water. If molybdenum mining were undertaken
in NAB , beneficiation would be by flotation and water use would be
on the order of 1000 gallons per ton of ore treated. The potential
for water pollution would depend largely on the presence of other
sulfide minerals.

Outlook. Deposits rich enough and large enough to be mined for
molybdenum alone are not known in the Region. Future production is
most likely to be as byproduct of base metal mining.

NICKE L AND COBALT

Production and use. Nickel— and cobalt—bearing ores of NAB
have been found in sulfide deposits that typically consist of
py-rrhotite, pentlandite , and chalcopyrite. These deposits occur in
norite, peridotite, and related igneous rocks. The ore c~ nmonly
contains 1 to 2 percent nickel , and 0.05 to 0.1 percent cobalt.
At present , only cobalt is being produced in Pennsylvania as a
byproduct of iron ore production . In years past , quantit ies of
nickel ore also were recovered fr~~ deposits within NAB.

Nickel’s principal use is in ferrous and nonferrous alloys,
such as stainless steel and Monel metal , and electroplating. Other
important uses are as catalysts and in batteries and magnets.
Sintered nickel powder is used for filtering and purification of
concentrated alkaline solutions. Other powder—metallurgy uses include
aluminum—nickel—cobalt (Alnico) magnets, iron—nickel magnet cores,
glass to metal seals , copper—nickel—tungsten heavy metal, and
silver—nickel contact points.

Cobalt is used as an element in ferrous and nonferrous alloys,
in the form of oxide , as ground coat for porcelain enamel, in
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pigme nt , and for cemented carbides; and , in the form of salts, in
lacquers , varnishes , paints , and inks . It is also used in enamel,
glass, and electroplating.

As shown in Figure H—13, nickel and cobalt deposits are indi-
cated in Maine, Vermont , Massachusetts, Connecticut, Pennsylvania,
New Jersey , Maryland, and Virginia.

In Maine, a nickeliferous pyrrhotlte deposit is located in
Union Township, Knox County ( location 1, Figure H— 13) . The deposit ,
surveyed geophysically and explore d by di amond drilling, was found
to contain nickel, copper, and cobalt. Indications are that the
nickeliferous deposits may be extensive . Other prospects are in Knox,
Piscataquis, Hancock , Kennebec , and Cumberland Counties.

Talc recovered from a mine at Johnson , Vermont ( location 1,
Figure H—l3), contains a nickeliferous pyrrhotite impurity. A
representative sample of Writic—nickel concentrate assayed 10 percent
nickel.

A deposit of amphibolite containing nickel in disseminated
copper and iron suif ides is located near Dracut, Mass.

Two nickel deposits are in Litchfield County , Conn. One is
5 miles west of Litchfield and the other is 1—1/2 miles west of
Torrington.

Past product ion of nickel was reported from the inactive Gap
Nickel mine near Kinser , Lancaster County , Pa. Quantities of cobalt
are recovered as a byproduct from active magnetite mines in Berk s
and Lebanon Counties. Cobalt also is associated wi th other minerals
in deposits in Huritingdon and Leh i~~ Counties .

In the Franklin Mining District , Sussex County , N.J. (location 1,
Figure H—13), a mass of nickel—cobalt ore was mined at Trotter Shaft.

In Maryland, cobalt Is contained in one of the minerals of the
Patapsco Mine in Carroll County (Loc. i). Cobalt also is one of’ the
constituents of the ore from the Carroll mi ne near Finksburg,
Carroll County ( Loc . 2) .  Both of thes~ deposits are small and cobalt
is cnl.y a minor constituent of the ore.

Cobalt associated with manganese ores has been found on the
northwest side of the Blue Ridge Mountains ( Loc . 1 and 2) in
Virginia.

Relatlonahjp to water. The relati onship of water to the mining
and processing of nickel and/or cobalt ores Is minimal since these
products in NAB are general ly recovere d as byproducts in the production
of other metallic minerals. Usual ly the nickel and cobalt contents
of these ores are recovered in the process of leaching or electro—
refining of other metals.

H - 93



Outlook. The consumption of nickel in the United States is
expected to continue its steady increase resulting from the general
economic growth. The United States consumes about 50 percent of the
free world output , and will continue to do so in the immediate future.
The prospect of finding nickel ore in large quantities in NAB or the
United States is not good, but with present output or recent new
finds in Canada, the outlook for adequate supplies for the U.S. is
favorable. World output of cobalt will continue to exceed consumption
and therefore supplies are expected to be ample for the next 50 years.

OTHER METALS

GOLD AND SILVER

Production and use. Gold and silver have been produced in
NAB , but never in more than small amounts except as byproducts of
copper, lead, zinc , and iron mining. Silver production from
New York State was reported at nearly 20,000 ounces in 1962 and
13,000 ounces in 19614. Gold and silver are recovered in Pennsylvania
as a byproduct of iron ore mining , but output is small. Neither gold
nor silver production was water related.

Besides their use in coinage or as monetary reserves , gold and
silver are used as an industrial material in the manufacture of
jewelry, in dentistry , and for electrical and electronic components.
In 19614, almost 75 percent of the 14.8 million troy ounces of gold
consumed by the domestic industry was used for jewelry or other
artistic purposes. In addition, silver is a constituent of photo-
graphic film and also finds applications in medicine , and as a solder
and brazing alloy.

Gold deposits as indicated in Figure H—l3 are either as native
metal or contained in other metallic minerals. Locations of base
metals containing gold and silver are not repeated in this section .
A review of the principal gold localities is as follows:

Maine——Gold placer deposits are located near Byron and
Milton , Oxford County (Basin 14 ) ,  and near Moscow, Somerset County
(Basin 3).

New Hampshire——In Basin 8 , deposits of gold in pyrite and
quartz veins are located in the Ammonoosuc District near Lisbon,
Grafton County. Gold placers are known in Indian Stream, Coos County.

Vermont-—Gold placers are In a southwestward extension
of the Ammorioosuc District in New Hampshire into Orange and Windsor
Counties (Basin 8) as far south as Plymouth.
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New York , Massachusetts , Connecticut--Many gold deposits
have been reported in the glacial drift In the Adirondack Mountains
of New York and in veins in Massachusetts and Connecticut, but few
proved to contain more than a trace of metal and none have been
worked profitably.

Pennsylvania--Gold and silver are currently being
recovered as byproducts of magnetite mining in Berks (Basin 15) and
Lebanon Counties (Basin 17).

Maryland——Gold occurs in Montgomery and Carroll Counties
in Basin 19.

Virginia——Major occurrence of gold is in the “Gold Pyr ice
Belt ” which extends from southeastern Buckingham County north-
eastward through Fairfax County In Basins 21, 20, and 19.

Relationship to water. Placer mining of gold by individuals
may occur locally but will have little effect on water pollution.
Gold and silver production is not considered as water related since
almost all output is associated with base metal production and
water used by the base metal industries is described elsewhere.

Outlook. Gold and silver production in NAB will probably
never be a major industry since all production will occur associated
with other base metals. With base metal output increases in the
future, production of these precious metals will also have a tendency
to increase.

RARE EARTHS AND THORIUM

Production and use. Rare earths are those elements whose
atomic number ranges from 57 to 71 ( lanthanum to lutetium) on the
periodic table. Yttrium , atomic number 39, is usually regarded as
a rare eart h because of its chemical similarities. More than 200
minerals are known t hat contain the rare earths and thorium. Monazite
and bastnaesite are the principal comnercial sources of the rare
earths , and monazite Is the principal source of thorium . Deposits
of monazite and apatite (a mineral source of yttrium and other rare
earths ) are known in NAB but are not presently mined . However ,
several companies prepar e metals and compounds from concentrates
produced outside this Region . These plants are located at Pompton
Plains and Newa.r~k, N.J. ;  York and New Castle , Pa.; Carle Place , N.Y.;
and Great Barrington , Mass.

The use of rare earth elements, as compounds, metals , and alloys ,
are divided by importance into the following categories : (1) the
glass Industry ; (2) carbons tar arc lighting ; (3) metals and
alloys ; and ~~ in miscellaneous applications. Various rare earths
are used in the glass industry for polishing , decolorizing , optical
filters , and for improving the optical quality of glass. Rare earth

H - 9 5



fluorides and oxides are used in the cores of arc—light carbons for
great er light intensity. Misch metal made from rare earths is used
in lighter flints. Other metallurgical applications include use as
deoxidizers , desulfurizers, and grain refiners. Miscellaneous uses
include the production of chemical compounds and use in the
electronic industry .

tlonazite has been reported in many localities in NAB . It has
been identified in ~ranites from Maine to Virginia , but in most areas
it has only been a mineralogical curiosity or a collector ’s item.
Rare earth alkalies containing minerals of rubidium and cesium are
found in many of the pegmatites of Maine , New Hampshire,
Massachusetts , and Connecticut , indicated in Figure H—8. A belt of
monazite , extending through Basins 20 and 21 in Virginia , is known
to contain 27 occurrences. Rare earth arid rnonazite deposits in
New York , New Jersey , and Virginia are shown in Figure H—8.

The Mineville—Port Henry District in Essex County , N.Y.,
(Basin ii) is the principal area for deposits of apatite containing
a high percentage of rare earths and some thorium . Apatite is found
in mine dumps and mill tailings as part of the waste material dis-
carded from magnetite mining . Five deposits or prospects are located
in Morris , Sussex, and Warren Counties , N.J., in Basins 114 and 15.

Relationship to water. If rare earths are mined in NAB , water
will be needed to beneficiate the ore. The quantity used per ton
of nih feed will be on the order of 1000 gallons——comparable to
quantities used in flotation plants recovering other minerals.
Aci d and dissolved solids would not be a pollution hazard and
su~’iended solids would be retained in tailings ponds.

Outlook. Rare earth metals and compounds are expected t c  be
consumed on a slightly increasing scale unt i l  1980. The long range
outlook is for a steady growth in consumption with any acceleration
beinr contributed by uses now in the process of development .

The likelihood exists that by the beginning of the nexl century
the  processing of ores for the extraction of thorium , required to
f’(rJ~ rate nuclear energy , also will provide byproduct rare earth
minerals , Including europium , the least abundant rare earth.
The demand for europium for use in television phosphor , laser and
control—rod mater ia l  Is increasing .

Generally , t I i~ advances in technology wil l result in an overall
decrease i n  processing and refining costs, making the opening and
1ev~ lop ing of depocit~; In N AB a greater poss~ b i 1 i t y ,  especially for
tho: e associated w i t h  Iron ores in New York ~i ri d New Jersey.



TITANIUM

Production and use. Presently,  there are two titanium mining
operations in NAB; one each in New York and New Jersey. One operation
in Hanover County , Va., discontinued production of rutile and ilmenite
in 1968; another in Amherst County , Va., closed down in June 1971.
Ilmenite is recovered as a coproduct of magnetite from an open pit
mine near Tahawus, N.Y., and from a placer mine in New Jersey.
Processing at the New York operation consists of grinding the crude
ore and using wet—magnetic separators. The less magnetic fraction
containing the ilmenite is sized and concentrated on reciprocating
tables. In New Jersey , sand is picked up by suction and pumped to the
mill as a slurry. At the mill the slurry is screened and dried , and
the ilmenite is separated by magnetic and electrostatic methods .

The principal use for titanium is in the making of titanium
dioxide pigment, an important whiting and opacifying ingredient used
in paint. In 19314, the United States produced 32,000 tons of this
pigment and by 19614, production had risen to 551,000 tons. Titanium
had minor use as an alloying element in 19314, but by 1969 production,
reported as sponge metal, was about 114,000 tons. The principal uses
for titanium metal or alloys are in the aerospace and chemical
industries.

Titanium mines which were active in 19614 in Basins 12, 16, and
21 are indicated in Figure H—l3. Other deposits in the Region are
as follows:

In Vermont , titaniferous deposits are in Orleans County
(Basin 11) and Windsor County (Basin 8). Three titanium deposits in
Connecticut are in Basin 10; one in Litchfield County and two in
New London County. In Basin 9, titanium occurs near Cumberland ,
R.I.

In addition to the active mine at Tahawus, 11 other deposits
and prospects are known in Essex County , N.Y. (Basins 11 and 12).
Other deposits in the State are in Westchester and Franklin Counties.

In New Jersey,  two deposits each are in Ocean (Basin 16) and
Burlington (Basin 15) Counties. Another occurrence in Basin 15
consists of a titaniferous outcrop near Durham , Bucks County , Pa.
Two placer deposits are in Cecil and Worcester Counties , Md .
(Basin 18). Several deposits are in Basin 18 in Virginia.

Relationship to water. The quantity of water used in mining
and beneficiating titanium ores depends on the type of mine and
mill. In NAB, the active open pit mine uses more water for milling
t han in mining. Water used by these mills is obtained from lakes ,
rivers , or wells , and the supply is adequate for the present . Water
used in the open pit mines to control dust during drilling is not
recoverable but the loss is negl ig ible .  There is no rock drilling
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at the placer mine but prospecting for additional ore is accomplished
by water jet drilling; water loss is minor .

Seventy percent of the water used in processing ore at the
mine ~ud mill li~ New York is obLalLAed Ccom mine drainage , the
balance Is from Sanford Lake . Eighty—six percent of the water is
discharged untreated into surface channels from the tailings pond .
Present supply of water is reported to be adequate.

Water used by the plant in New Jersey is primarily for trans-
porting the ore to the initial screening process and is obtained
from two wells. The company reports the supply is adequate for the
present and if necessary for addItional supply, a third well is
available. Nearly 50 percent of the total water used is recirculated
and discharged water is treated by settling.

The quality of water required at these mines and mills, at the
present , is not critical. However , treatment of recirculated water
to eliminate solids is necessary for use in rock drilling operations.
Water is used to transport the ore at the placer operation and only
settling is necessary to remove solids before reuse or discharge into
surface channels.

Water supply for this industry, at the present rat e of
production, is adequate and additional water is available for antic-
ipated increased requirements. The New York State mine has an
additional supply of water available from a nearby lake. The Virginia
mine could recirculate water to eliminate a possible shortage of new
water. Waste water is treated to remove suspended solids before
being discharged.

Outlook. Titanium resources in rock are far greater than those
in placer deposits. However, about half the present output comes
from placers. This relationship of sources probably will continue
for many years since the quality of concentrate recovered from sand
is high and mining costs are low. The long—range outlook is toward
fuller utilization of the more plentiful rock deposits.

Requirements for all uses of titanium in the United States by
the year 2000 will range between 1.1 million and 2.6 million tons.
Continued growth in the use of titanium dioxide pigment will con-
tribute to the demand range for titanium in 2000. Demand for the
metal for chemical processing and aerospace applications is expected
to increase at a much faster rate than for the pigment, and by the
year 2000 may constitute up to a third of the total demand as compared
with only 1~ percent in 1968.

Water supply Is adequate to support increased production at
most plants ~ at use of recirculated water may be necessary. Antic-
ipated expansion of this industry need cause no water pollution
problem because suspended solids are re~~ved by settling and most
flotation reagents are biodegradable .
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