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Environnental faccors atffecting minine are difficult to establish in
Alaska due to the absence ol laree scale hard rocl: mining activities at the
prasent time. Currcntlv, experience is eathered fronm (and to a large degree
based on) construction of above ground facilities such as roads, pipelines
and buildings.

Past mining activitles appear to have had Little lascing effect on
the natural environnent, the excerticns being mine tailings and surface
structures.

This report, sponsored by the U.S, Bareau of ines, vresent general
engineering activities, cousiders the interaction of permafrost and under-
ground mining, summarizes available literature and indicates possible environ-
mental problems thac might be encountcred in Alaska based on Scandinavian
experiences in large-scale northern mining operationsg. How the Scandinavians
are solving their problems is alse discussed.
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INTRODUCTION

The Mineral Industry Resecarch Laboratory was awarded the U.S. Burcau
of Mines Contract 5 0133059, Mining in Alaska - Environmental Iumpact and
Pollution Control, on the 8th of June, 1973. The Laboratory was charped
with analyzing selected mineral denosits in Alaska that may be brousht into
production in the near future. Envirowmnental problems associated with
developing these deposits under Alaskan climatic conditions were to be
investigated and solutions suggested. Lost River and Bornite were specifically
mentioned as tuo such possible areas. llovwever, it would apvmear at the presentc
time that neither vnrospect is likely to be brought into production in the
immediate or near future. .

At present, the Alaska hardrock mining industry is quiescent because
of the current land situation. Until the status of the land under the Nazive
Land Claimg Settlement Act has been clearlv established, there is little
evidence that any new large-scale mining operation will take place. Many
of these factors are currently being studied by others (22). Questions of
access across federal and native selected lend are also under debate at the
present time, as 1is the question of taxation of mineral and petroleum resources
in the ground.

For these reasons, it 1is difficult to specify specifically the effect
of the environment on mining operations and the empact of mining per se on
the environment under Alaskan conditions. This studv, therefore, has con-
centrated on a literature search and on the more genaral possible relation-
ships between climate and permafres . on the one hand and mining nraccices
under northern conditions on the other. The study also addresses revegetation
of mine tailings, construction practices, environmental considerations,
mining and exploration parameters with specific reference to Lost River
and Bornite.

The issue of environmentzl protection versus mining is an old one (an
example is found in Appendix C) which revolves around conflicting human valves.
For Alaska, the issue appears at the present time to be somewhat epheneral,
since there is very little evidence of environmental damage caused by mining
operations; even the dredpe tailings from the gold mining in the Interior of
Alaska are becoming revegetated, the impact of current placer opecrations on
stream water quality may be debatable. Scandinavian exnericnces suggest
that large scale mining operations can be compatible with protection eof the
environment, including factors such as vegetation, animal life and water
qualicy.

The issue quite often breaks down into individual value judgement. An
abandoned mining operation can be looked upon as a hilstorical monument or
an eyc sore depending on the person looking. '



As a final note, it is likely that miniug activity in Alaska will
incrzase over the ncxt decade, vhen the land status has been decided and
the mineral deposits and reserves arc hettcer known, It is possible that
the encrpgy and wineral shortage facine the Uuited States will be an added
incentive developing oil, coal awnd mincral deposits. In che Yukon Territory
in Canada, mlning is talking place on a fairly Jarge scale, and Alaska will
probably also sce increased mining activity. 7The oil and gas development
in Alaska may be of added help to furcher minilng activicies; che haulroads
related to the pipeline construction may in time provide better access to
known mineralized arcas and mav also open ochev areas Lo more therough
exploration efforts.

Mining in the Unrth faces problens not found at loswrter (and milder)
latitudes. This report points out sowe snceific solutions based on the
experience gained by companies and individuals engaged in mining in the
far North, both in Europe and North Americu. ‘



CLIMATIC PARAMETIERS

Alaska spans several differvent climatic gones, ranging from the iild,
ralny southcast to the cold and windy North Slepe. Any mining operation
will be affected by climate to some deprec, and the following is a very
brief description of Lhe climate in the various narts of Alaska. The infor-~
mation is largely from che Lnvironmental Atlos of Alaska by Johnson and
Hartman (11). Jn addicion to pure climatic data, the Atlas alse contains
engipeering design data and as such is a valuable rescarch tool for anyune
interested in enpgineeridg activity in Alasia.

From an enpinecring viewpoint Alaska mny be divided into several regions
based largely on climatic factors. Variaticens within cach region due te
topography may be of course expected. It must be emphasized that the data
presented herein must be taken as guidelineg only, guidelines that generalize
the region, rather th:an pointing out variatiens that may occur within any
region.

The reglons congsidercd in this section arz listed below and shown
on Figure 1.

A. Scutheastern Alaska

. Southcentral coastal areas

. Aleutian Islands

Alaska Range and Cuast Range Mountain Systems
Yukon - Kusliokwim Delta

Interior Alaska

. Brooks Range

. North Slope

TxToOmmo O w

The impact of climate on a mining operation depends on the type of
operation; i.e. surfuce mining versus undersround, and the ore handling
system employed at the mine. Climate mav also affect personnel working
at a mine. The effect of the winter darkness in the north, the total dark-
ness for varying lengths of time north of the Arctic Civele, affects people
to varying degrees. The effect is often wmagnified by the remoteness of the
mine or the scttlement. The principal investigator of this study had the
opportunity to obhserve this over a winter in a small community in Rurope
at about 70°N and found that the darkness made some people less productive
in their work, somc¢cimes to the point that they had to be transferred to tha
south beceause they posed a physical threat to their fellow workers. Com-
munication with mine maragers in North Norway and MNorth Sweden points out
similar experiences with a small portion of the transient work forecec, while
people who permancully reside in the reaion arc less.alCfected if at all.
The latter is especlally truc of people born and raised in the region.
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Another climatic factor affecting Alaska is the time of frceze~up
and byeak-up of the DBeving and Chucki Seas. The north coast of Alaska is accessibl
only by ocean~going vesscels sbout €wo wmonths out of the year, ond cven
then, the Arctic Paclk~ice may prohibit ship movement for periods of tine.
Table 1 is reproduced From Clurk (3) and gives a sunmary of the ice coaditions
around Alaska. )

As an example of the impact the ice conditions have on shipping, a com-
parison between Svalbard and Novth Alaska may be uzeful. Svalbard has a
much longer shipping scason, and coals from Svalbaxd are shipped to the
European market for about 75 years, subjected to and limited by the non-
climatic conditions on the high seas such as wars.

The effect of thils lack of easv access to ocean shipping nccessitates
overland cransportation of the minerals, coals and oil of North Alaska. The
impact of these transportaticn modes are discussed in two MIRL veports:
Glark's (3) as nmentioned and also one by Wolff et. al. (18).

Alaska Climatic Regions

A. Southeastern Alaska

This arca, sometimes referred to as the "panhandle", is characterized
by a wmild, maritime climace. Mean annual precipitation can be in excess of
220 inches per year in some places in the southern parts. The winterxs are
mild, at least at lower elevations, mean aunual tewperatures range from about
45°F in the south to about 33°F iw the north. January Cemperatures at places
near sea level may go as low as 0°F, but this is a rare occurrence. At
higher elevations, glaclers are present and a correspondingly cool climate
exists. High winds may create problems at exposed locations. The probiems
experienced with icing and the blowing down of transmission towers on the
power line from Snettisham to Juneau verified this,

B. Soutihicentral Coastal Areas

The area has a maritime climate, similar to that of Southeasctern Alaska.
Mean temeratores are slightly lower, the Januavy means range from about
34°F to about 0°F and July mezns range from 469F to 64°F. The colder January
and warmer July tcmperatures occur inlaond, away from the wmoderating influence
of the occan. The mean annual temperature for Anchorage is about 359F. Per~-
mafrostc is albsent with these ctemperatures. Relict ice may, however, be found.
In the Anchorage area, masses of ice, possibly of glacial ovigin, may be
.found buried in the morainal soil. Houses built on such ice masses have
experlcnced severe scttlement, and in some cases nocessitated moving
the structure Lo a new location.

C. Alecutrian Islonds

The Alecutian Lslands have a cool, maritime clivate. High winds and fog
arc common. Paunalrost is absent.




Table 1t

Dates of Ice Break-Up and Freezc-lp

Ice Break-Up Ice Frecze-Up Ice Frce Months

Ice Lighe lleavy

Location Ave. carliest Latest Ave. Earljest Latest Free Tece Ice

Golovin Bay May 23 May 13 June 14 Nov., 2 Ccc. 8 Hov 19

Teller-Port June 7 May 12 Junec 18 Nov. 10 Nov. 13 Doc 26 *3 %4 *3

Clarence

Kotzebue Hay 31 tay 17 June 8 ozt. 23 Oct. 2 Nov 5

Point Hope June 20 May 30 July 8 Nov, 11 Cct. 6 Dec 19 *h3 i ®%§

Point Lay June 24 June 1 July 10 Nov. 4 Qct. 12 Nov 27 *#2.5 %43 =6, 5

Wainwright June 29 June 7 July 26 Oct. 2 Sept. 26 Oct 9 *2 *3 -7

Point Barrow  July 22 June 15  Aug 22 Oct. 3 Sept. 31 Dec 19 2 *#3 &7

*Source - U.S. Coast Guard, Polar Transportation Requirements
Source - U.S, Coasr Pilot No. 9, 1964
*tfstimated froa above sources

Fafter Clark (3) M.I.R.L. Report Wo. 31, tay 1973.
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D. The Alagka Ranpe and the Coasc Rance

Climacic data for the higher clevatlons in these mountain systems arc
gpavrse. With eluvations ranging from sea lovel to that of Mt. MeKinley,
chanyes towards progressively morve Arctic conditiens takes place with
inerease irn clevation. The arca, especially in the south has significant
rainfall, glaciers arce common at higher elevutions cthroughout the mountain
ranges. In the Copper Rlver Basin, permafrost is present, while in the rorve
open Matanuska Valley, permafrost is gencrallv absent. At higher elevations
and northward permafrostc is more and more extensive.

E. Yukon -~ Kuskokwinm Delca

This large portiou of Alaska is generally underlain by continuous or
discontinuous permafrost. A large nortion of the region is wet tundra,
low lying and marshy with numerous lakes.

T. Interior Alaska

The Interiocr is characterized by evtreme temperatures: a typical con-
tinental climate. Wincer temperatures may go cown to —60°T or less and cold
spells where the maximum temperature mzy be -40°F mav last for weeks. Susner
temperatures on the other hand way go up to in che 90's. Permafrost uundarlies
most of the arca, but may be abscat at favorably locztad southfacing slones.
The mean annual temperature for Fairbanks is zbout 25.8°F. This creatces the
additional problem of "warm'' permafrost in places. The permafrosc is close to
melting and onlv a minor surface disturbance mav rrigger a thau conditioa. The
Fairbanks area has scversl such areas where farming or small mining opcrations
have changed the soll temperature and induced ma2lting of ice-rich permarrest
producing often spectacular thermckarst features.

G. DBroowks Range

The elevations in the Zrooks Range are lower than those of the Alaska Range.
The amount of precipitation is much less. The Brooks Range has as a result
few glaciers. although the winter temperatures are quite low. Vallevs in the
Brooks Range, especially to the south, do supncrt timber, bub the climate mayv
be more severe than Iuntetior Alaska. The Range is north of the Avctfic Civcle
with widnight sun during part of the sumner and perpetual darkness in parc of
the winter.

. Norch Slone

The climate of the Worth Slope is well known from the publicity given
the oil development in Prudhoe Bay. High winds, drifting snow and low temper-
atures along with perpetual darkness characterize much of the winter. The
summers are cool and short. Mean annual temperature is about 10°F with 45-52°F
being the mean July wmaximum temperature. ‘fhe annual precipitation is low, less
than 20 inches per year.

This brief discussion of the climate in various parcts of Adlaska shows
indirvectly how cliwmulte may affect an operacion. The added cost of keeping
machines running under extremily cold conditions is one of the many well known
problems of Northern opcorations.



CONSTRUCTION AMD MINING ACTIVITIES IN TRE ARCTIC

General

Most construction or mining accivity in the Arctic and Subarctic regicns
will be influcnced to some degree Ly pewnafrost, seasonal frost, and other

climatie parsmecers. In addition, the rewotcness of the
location found at moect such activities raiscs other problems. These
include personuel prcoblems, high turnover rotes and

also local access to needed labor and supervisory personnel, cost of living
problems to the higliex capital costs and the inventotry costs of maintaining an
operation in the North. Wolff and Jobansen (20) have outlined the differ-
ential in some of these paramcters. For inventoxy and capital c¢osts over
those 3n westera U.S., the percentage will be about 4007 and 2-3007% respec-
tively. In additien to this, there is also the added cost of transporting

the commodities to market. The long transportation adds to the cost which
will have to be discounted sowmehow; the vorld orice of a commodity is the
governing price or value for that commodity.

This particular problem is taken up in two MIRL. reporfs: onc by Wolff
et. al. (18), the other by Clark (3). Implied in borth of these reparts is
the thought that cormadities with a low value per unit weight
such as coal will not be mined at. a profit because the
transportation costs are so large. Witlh the current world price of coal at
the present level, coal mining in the Drooks Range may not be economically
fecasible, unless a government subsidized operation were to take place.

The picture for metals is betrer in that here the end product may be a
concentrace or pure matal, the latuvey nccessitacing a smelter at or near the
mine. With an integrated approach to wmineral development, such an effort
could indeed be feasible. Rhoads (21) in his paper discusses the feasibility
of using local fuel for smwelter operations in the Brooks Range, thus pro-
ducing blister copper at or necar thc mine for shipment to tidewarer.

Cold Weather Construction Practicces

There is substantial literaturce available regarding cold weather con-
structlon practices. Tor true Arctic cornditions, there is less written
information readily availnble, much exists as in~house¢ information in
agencics, public and private, engaged In enginecring in the Arctic.

Such information may be well known locally, but is not always known
outside the arca. An example of this is reflected in the licemidug of regis-
tered professional mining and civil engiineers in Alasla wheve passing a
University of Alaska course in Arctic Baglincering or writing an acceptable
paper about permafrost enginecring to the Board's satisfaction is required



before obtaining an Alashka license, ceither by cexamiunation or by recinrocicy
from another state.

The United States Avmy Cold Regions Research and Enpincering Labora-
tory (USA CRRCL) publishes vumerous vepovts and piapers velated to cold and
Arctic conditions. Anvhody couvsidering working in the Arctic ought to study
a bibliography of available CRREL publications; chaunces are that somce helpful
information regarding a specific (or feancral) problem iz available.

Havers and Morgan (8) in a studv undevtaken for CRREL discuss  cold
weather practices in somc detail. This particular publication is also of
value because of the extensive bibliography it coutains. The authors dis-
cuss the effect of cold and Avctic cowditions on men, materials, equipment
planaing, earthwork, cone¢reting, masonry, &structural stcel erection, timberv
counstruction, plastering, exterior painting, roofing, waterprooiing as vell
as economic feasibilities. Enpvivronmenltal considerations are impliecd throuzh-
out the report. Parcts of several of the scctions are diveetly concerned
with mining activities, cypecially the sccrion relared to the operacion of
equipment under severe weather conditions and alsv earth moving of frozen
rock or so0il, either in permafrost or Scasonally frozen

Another good source of information is the National Research Council of
Canada, Division of Building Research. 'The Division has published numerous
papers dealing with the intevaction of building and construction in general
and permafrost.

Another U.S. source is the Environmental Protection Agency (E.P.A.).

The Alaska Water Laboratory has put out secveral reports regarding envir-
ommental impact on river and waters from construccion and other activities.
One paper by Lotspeich (14) considers the impact of read coustruction. The
reports states as its purposes Lo: .

Compile and describe the best practical measutcs requived to
assure environmental protcction during road construction under
cold c¢climate conditions. The report is intended to aid the road
construction agency and highway engineer in establishing and
meeting envirormencal protection regquirvements. In addition, the
report will inform the general public, resource munagers, and
equipzient operators of the impact of road ¢onstruction on water
quality and the mcans available te lessen this impact.

Professional journals are another souvce of information. A paper by
Li (13) focuses on general principles of Avetic Constructioun, especially
the permafrost regions. I lists:

1. A kvowledpe of genesiu, liwtovical cvalution and physical
revelations of the composition and structure of permafrost,

ground ice, and terrestrial and wmarine glocial aspectes,

2. A knowludge of the physics, physical chomistry, geomechanics
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propertics, their wmechanical properties, che state of un{rozen
water, water migvation, icc ledsing and diffusion.

3. A knowledize of surface and ground water {low patterns, vechaxge
and discharee phoenomena, szall watey incrusion and salt-fresh
water interrhase, as well as activicv of lavered ground water,
water occurrence and gquality, waste-water disposal and recveling
and cracer technigues.

~es 4, A knowledge of thie energv exchapge, heat flow, the geothermal
FiRpepertics of permafrost formations, as well as their thermal
response ta nacuil and mun-modified environmental changes, and

the tilermcdynamics of phase chaape.

S. A knowledze of reeional and local occurrence distribution, and
variation of vermafrost, borh areally and verticallvy, and its
terrestrlal, marine, cliratic and terrain aspects.

6. A knowledge of photogrammectric, remote-sensing, and geovhysical
surveys and nmapping of the surface and subsurface of permafrost
reglons and theiv responszs to such geodetic techuniques.

These points, although written with the construction maun in mind, are equaliv
applicable to mining operations in the Arctic. Changes in the thermal
regline, for instance, will yield the same result whether caused by mining
aperations or construction. For mining operationz in the Arctic, a thorough
knowledge of the conditions as outlined above is an absolute necessity.

Li's paper is also of valuec in that he lists seveval what he terms ‘'group
references” of recent dares dealing with Arctic construction.

Permafrost and Underground Mining Operations

The aveas of Bornite and Lost Rivar both lie within the continuous per-
mafrost zone in Alaska. Sainsbury (26) reoorts the permafrost at Lost River
to be to at least 200 feet below the surface. Any underground mining onera-
Lions will hence be z2ffected by permafrost to some degree. The Soclety of
Hining Eogincers' Mining Enginecring Handbook gives some general Information
(19) (20). Specific informwation is currently patherad by the Mineral Industry
Research Laboratory., A H.ILR.L. tean (consisting of Drs. Lambert and Lvnch)
visited thie coal mines at Svalbard in the summner of 1974. Their findingsg arc
included in another study (27). hovever, some of Lynch's observatious of mining
practices are of intercst here (Lvneh, persoral communication).

Problems with undergyound mining in permafrosec will fal)l in several
categorics, some of the mare typical ones, cspecially related to permafrost
arc:

a. . Loss of strenpgth of the rock upon thawing,

b. Discontinvitics in rhe permafrost especially those containing
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uater or pockets of thawed ground within the permafrose.

¢. Chanze in ground strength parameturs upon panctration of the
permafrost layer and catering the thawed jround below.

d. Dust supprnsiion.

¢. Ventilation.

f. Handling of fvozen ore.

g. Tilling of old works with ice.

The coal mines operated by Storc Norske Spitzboergen<Rulkempani A/S at
Svalbard may serve as an example on sowe of the problems in Arctic under-
ground wmining, although coal mining will also have other problems (gas)
that metals mines may not lhave.

With one exception, the Norwegions mine coal within the permatfrost zouna.
The roof support prablems are thus minimized as long as the roof stays frozen.
The major roof support problems are rclated to degradation of the permafrost.
This degradation takes placc froin two sources. The mine opening penetrates
the shallow, active layer where annual frceze-thaw conditions and asgsociated
roof support problems exist. Further in the mine, possible thaw conditions
exist until the surrounding permafrsst rock (at about -4°C) cools the
air to below freezing temperaturcs.

In another mine, now closed, a portion underneath a glacicr was outside
the perwafrost zone and uater problewms existed heve, bur this was haundled
by normal pumping. In permafrost, dust suppression may be a problem. Water
1s of limited value and the ice formed 1if water was to bhe used mav do more
harm than good. The Russicns did use wacer for dust =uppression, their
arguaent being that freezing prcoblems in the mined coal would net be of any
magnitude as long as the moisture content was beleow about 7%; the mining
operation is not a high spced cultirg operation. If the nmining methods were
changed, some new problems involving frozen moisture may occur,

When Lhe permafrost coal is mined out, thea Norwegiansg have truditionally
abandoned the mine. The Sovict mining operations by Arccie Ugol' at Svalbarxd
are below the permafrost, one mine beirz below sca level and another being
in thda sub~permafrost layers. Again, according to Lynech, the wmincs scemed
to have no typical problems due to ground temperature.

The arca of ventilatilon has two school at Svalbard, the Soviets in
winter blow heated air into the mines, the Morwepgians exhaust ailr, Again,
national mining practices as well as peculiarities with the depoists are
probably the reasons for thuse diametrically opposite ways of ventilating
thie nuines. The Worwegians usiny their wethad for mining permnafrost coal are
thus minimizing the thaw by introducing warm aiv into the mines, the Russians
being out of the pecrmalrost may be less affected by the varmer air cntering
the mipe.



Another problem in permafvosnt, as well as in areas of scasonal frost,
is refreezing of broken ore. Controlled use of water and cirenlation of
hot air wmay solve this problem for each individual mine in operacion. In
Norch Central Lurway at Rana Cruber, ot the Arctic Civele and in an area of
heavy snoufall, this problem has largely been solved in the design of the
ore hins. In Svalbard, the problem i3 handled in rthe stock piling procces.
The frozen pile is exposcd o the summer thaw, successive layers "shaved”
of f and slhipped out,

A final problem with permafrost mines is water or rather ice develop-
ment in the mine. Abandonced wotks get filled with ice making reopening of
the wine a difficult and time consuming task. )

This sam¢ phenomenon may be usad to an advantage iIin Arctic Hining
Operations. Fangel (24) in a paper outlines a method whereby ice would
support the walls and make the roof thus turning an open pit operation into
an underground operation. The downward mining progress kept ashead of the
ice creep. By adjusting the underground openings to 2adjust the ice flow
Tangel maintains that variaticnsg in progress rate could be accounted for and
macerial brought to the surfzee at acceptable rates. The method, he suggests,
may be of value in areas close to permafrost or colder, where natural cooling
would form and wmairtain the iece rather than relying on refrigeration to
obtain and maintaian the ice.

Enviroommental Consideration

The conservation and prescrvation of the Alaskan environment, egpecially
the tundra has rcceived considerable publicity since the Prudhoe Bay oil
discovery. This publicity bas served to focus public actencioun to some of
the prollems of the Morth, especially biological aspects such as revegetatien,
disruption of miaratory routes for carilbou and also the zlow rate of wastea
decay. This public attention has often lcad to pressuce of non-developmenc
and cepecially an anti-mining and petrolcum development. This is Furcher
discussed in Appendix €, a historical footnote to our current dilemea.

Research on the mining and ciplovation activities in Alaska ave being
carricd out morc otr less continuously. A quote from a report by Grybeck,
Peek and Robinson (6) is of intcerest. The quolte is a comment from a parti-
cipant in thelr investigations regardiug a study of the cost of exploration
for mctallic mincrals in Aluska. The participant states:

More concideration nceds to be given Lo prescrving the euviroument
during cxploration such as:

a. llauling out old gas cans and not leaving them sprinkled
over tho couatryside.

b, Jeaving clean camp sites; hauling in (sie) all leftover
gear and debris., '

c. kot leaving debris at wemote sites where helicopters land.



Crews nced to respeet the propexty of locat miners, prospoctors,
residents, ete. They should vot disturb cabins and wgulipmenc
avound them, even if they appear abandoned.

There is no question that tha Arctic enviromment is sentitive to pollu-
tion. The problom is compounded by two factors:

1. The often one-way typc of operation, and as already stutad,
2. The slow degradation of watcrials in the north.

Aa extreme cxample of the latter mavy be the preservation of Pleistocene
Manmal remaing in the permancntly frozen silt (locally termed muck) in the
Interior Alaska. Tbhe pollution problom is circumpolar; a discussion of
European Arctic expericaces is found in Appendix B of this veport.

Another of the problems of the Arctic is the avzilabilicy of water,
The ArcCic regiong have low precipitation and reliable sources of water for
a year-round operation may be difficult to obtain iun manry instances. MIRL
Report 31 by Clark (3) makes a brief outline of the problem (3, p. 15):

Rivers east of the Colville River iu the Arctic Coastal Plain have
numerous braided channels, whereas rivers west of the Colville meandur
sluggishly in valleys 50-400 feet deep (Wahraftig, 1965). iHost streams
in the Arctic Foothills have swif{t braided courses dcross broad gravel
flats. The major rivers of the Drooks Range flow north to the Arctic
Occon, and south to the Kobuk, Yoyukuk and Yukon Rivers.

The many small lakes cn the Avctic Coastal Plain ove limited to Llow
volume utillization because low annual precipitation vesules in slow
replenishment rates. In most aveas, permafrost to depths of over 1030
feet prevents the formation of any subsurface watexr (Pavkcer, 1972).

In winter, ice covexr ol approximatcly 6 fect builds up on all sur~
face water bodies. tHany streams are locally covered in winter with
extensive gheets of anchor ice. DLven in the largest rivers, flow irn
winter i1s approximately 5 per cent of the summer flov (sce Ffig. 8).

Vater is available from lakes which do not freerze to the bottom und

from unfrozen. aquifiers beneath the rivers. Williams (1970) reported that

agquifiers d1n the Colville River yield from scveral hundred gallons per
minute from alluvium to lesg than ten gallons per minute from bedruocl:.

Mining operations in the Arctic will be of several kinds: open pil,
underground or placer operatiens. Lach of these operations will have a
potentially added impact in the Arctic. Placer mining operations have been
a source of discontent for deeades. lucls vf Alaska's early mining industry
was placer mining and the impact of placer mining on the aquatic environmeuts
is a source of scveral papers.

.The Alaska Water Laboratory published in 1969(2) a report regarding the
effects of placer mining on water quality in Alaska. ‘The veport limics its
discussions to placer operations in the interior of Alaska. Six represco-
tative distrlets were considered, namely:
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Figure 2. Index map showing mining Jistrict examined (2.
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1. Clecax, clcan snd biologically productive wiater of excellent quality
vas found in most streams abuve the inllucnce of mining operations
and 1n stroaws wvhere there ware no mining operations.

2. Significant pepulations of fish and/or fish-food organiesms ware
faund assvcicted with the clean water above mining operations, but
verc absent or found in significantly reduced numbers in the bhighly
turbid and silt-laden strean below mining operations.

3. Hines and nining operatilons can produce physical and watev quality
barricrs that prevent the upstrecam migration of fish.

4. The sediment load from one mine can interfere with the vtility of
the water supply for dowustream mining.

5. Hydraulic stripping opcrations greatly increase tlie loading of sus-
pended material as measored by turbidity, and can reduce the oxygen
level in a stream to zero.

6. When the overburden is mechanically stripped and stockpiled, less
water quality degradation results than from hydraulic stripping
operations.

7. The number of mines and total gold preduction in Alaska has been
declining for many years, aud in 1967, the income from gold mining
in Alaska accounted for less than one percent of the value of total
mineral products, and less than 0.3 percent of the value of total
resource products.

8. A substantinl rise in the price of gold would increase the number
of placer mines in Alaska.

9. Few, if any, uines provide treatment for the wastes gencrated from
their styippivg and sluicing operation.

10. Secttling ponds can be effective in improving water qualily by
reducing turbidity.

11, The distribution of sluice box cfflucnt over old placer mine workings
via numerous small strcums reduces the turbidity of the waste through
the proccss of sedinmenturion and filtratcion.

12. Changes in styecam gradients resuleing from minlng operations have
in some cases caused erosion Lo exist for many ycars.

The reports presentced four genceril conclusions. They are as follows:

l. Placer mining operationa degrade downstream water quality as evi-
denced by an increase in curbidity, a4 reduclion in dissolved oxygpen
(D.0.), and @ resulting significant reduction of fish amnd fiahizod
organlsnu:.
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2. The major impact on water quality from placer mining comes from
the hydraulic stripping operation.

3. The termination of mining operations do not necessarily eliminate
water quality degradation.

4. Techniques for the control of scdiments from mining operatious are
available but arc geuerally not being employed at the present time,

Pollution in the form of silting has becen and is a source of studies
in Alagka. Many streams are glacicr=fcd and hence naturally will carry a
heavy load of silt.

A study by Guymon (7) focuses on the natural sediment yield of Alaskan
strcams. Such data is of value in evaluating the environmental impact of
engineering works on rivers, lakes or coastal areas. The study also looked
at the water supply potential of scdiment laden streams and the sedimentation
in lakes, either natural or man-made rescrvoirs. In an unpublished paper,
Forrest (4) looks in detail at some paramcters, especially their application to
the Interior Alaska. Ile looked at:

Topsoil disturbance or removal

Subsoil disturbance or removal

Relocation of soils

S$ilting in streams

Effects of removal of vegetation (especially surface vegetation)
Changes in pll and/or hardness of water

LEffect upon ground water level

Effect upon stream water leveal

Changes in stream and lake geography

Possible pollutants introduced due to mining activity

Forrest points out that the major source of stream pollution is caused
by the removal of the muck, the organic silt that typically overlies the
gold bearing gravels in the Interior of Alaska. By hydraulic removal of the
muck, both turbidity (silt) amd B.0Q.D. and introducod into the stream. The
result is a reduction in the D.O. of the stream, valuecs of zero have beon
reported (4). 1In addition, the high rurbidity reduced the amount of light
that would benefit aquatic plants in their photosynthesis.

The silt itself also has a detrimental effcct on the fish life, reducing
the fish population by blanketing spawning grounde and interfering with the
operation of the gills, In Alaska, there is a well known fact among sports
fishermen that the clear streams support fish (grayling). The silt laden,
glacier fed strecams do not support fish to the same degree. Streams carrying
the effluent from placer mining operations can be compared with these glacier
fod streams. '

Personal communication (in 1974) with local placer mincrs, however,
brought out disagreemcut with the statoment that the high turbidity downstrcam
from placer operations is detriwmental to fish life to the same cxtent,



Although there is some siltation the levels were compatible to the normal
load carried by many stvcams and as such no significant environmencal impnce
from the placer oparation octars.

Quite often minors would point out the benefits from a placer operatinn
in changing the envircnmcnt. The dredge taillings around Fairbanks may be
used as a case-in-point.

The washed gravels Jeft by the placer mining operztions are now a source
of construction material. - The tailings further prescat a better foundation
material for structures than does the ice rich organic silts formevrly forming
the upper portion of che unconsolidated deposits filling the river valleys
in the Interior of Alaska. In the natural stage, the permafrost lcvel in
these nucls may be just a few feer below the surface.

The increase price of land and the increased building activirty in the
Fairbanks area in connection with construction of the Trans-Alaskn Pipelinc
shoys the now use of the tailiugs. The ice rich permafrost valleye are still
undeveloped while supstantial use is being made of the tailings arca, both
as sources of construcrion materiuls and as hiomesites as well,

Greenwalt (5) wrote a shovt paper regarding the enviroaumental changes
caused by the dredging operations in the TFajirbeaks area. He used the tailings
at TFox as an example. Before onset of the dredging operations, the terrain
was like that which can be observed along the unmined avcas of Coldstreanm,
just verch of Failrbanks. The area is characterizead by permafrost, nuck,
black spruce type vegzration. The animals living here weve moosse, syuirrels
and carnivores like fox, lynx, wolf and blackbear. Yuman acrivities have
had the wost marked effect on the carnivores. Lynx and wolf are essentially
missing, these animals being the most sensitive to human cccupaction, An
occasional blackbear can still be found. Tox is less affected by human
occupation and the tailings support a fox population similar to what existed
before the onset of the mining operation and subsequent buman influx in the
area,

The moosge population is favored by the mining operation. The change
in vegetation to deciduous trees from evergreens and the occurrconce of the
many pond8 with associated aguatic plants {avor the moose. Sqiirrals, on
the othar hand, cxperience sowe decline by the change in vegetation and
topofraphy.

Similar observations can probably be made for other mined-out arcas in
the Iaterior.

In other parts of Alaska, Cthe picture may he diffcerent due to a different
climate and topography.

The mine tallings in the Juneau, Alaska, area were the subject of a
bricf paper by MiacKinnon (16). ‘this avea is ecutside the permafrost arca of
Alaska 2ud is located just outrnide Juncau along the Castinecau Chaomel.  The
tailings arc unvepoetated, sandy, and present a poor foundation material.



HUhen the Alarka-Jurmeau Company was operating, they expericnced problems
with theirv stackers sliding into the Chauncl as the rock pile foiled due

to the added weisht. Tn the carly tuentics. a Standard 0il bulk plant ow
the shovreline slid inta the channel with the logs of one lite. CQurrently

the mine tailing delia is osed for a goll coursze. the world'sn largest sandtrap
s some loeal people cualld it. Additivnal use is oll storage tanks and a

radio tower. Somc efforts have been made trying to cevegetare the area, but
the combination ¢f cliwate and type of tailings make this difficulc.

Opon pit operations may impose other problems. The only major open-pit
operation in Alaska at present (1975) ds the Usibelli Coal Mines at llealy,
This opcration is probably not typical with vespect to problems with mining
in the far North. The coal mining operations at Svalbard (Appendix B) canast
be termed Lypical either, they ave undergreound and as far as the Norwvegion
mines are ceoncexrn, mostly within the permaflrost layer.

In an unpublishad paper, Jirik (l0) points ocul some considerations fou
cozl mining in a permafrost region. Ile admits that the availzble informstion
is meagre, but nevertheless, his observations are interestling, and should be
given consideracion. Jirik is concernad with the coals in the Cape Beauforre
area. This is an area wvhere continuous permafrost is present. It is likely
that the North Slope coals will be mined at some future date, at least, thoerxe
is some exploration acitivty at the present time and also consideration of
mining for domestic purpose by local villages in the area. Jirik's list of
potential problems include:

1. Change in the thermal regime by changing of the topography by piling
of cast overburden.

2. Change in the surface by changing (stripping) of vegetation and
subjecting arcas to possiblce thawving, subsidence and/or erosion.

3. Generation of acid mine waters. 'Thig may or may not be a problem,
he stateg, becausce the coals ave low sulphur coals and the amount
of precipitation is low. BDut, ironstones have been reported and
the possibility of seme acid mince drainage does exist.

4. Slope stability is another concera. Permafrost may be a help or a
hindrance here. 1Thiz very subject is currently iovestigated by
the Mineral Industry Research Laboratory, University of Alaska (26).

Jirik di¢ not consider management decisions regarding mining operations.
Prorer wnderscanding of tha interactions between the wining operations and
the vnvirxomment may significontly reduce the environmental impact of some or
all of the factors he mentions. An example is the mining method proposcd by
Fangel (24) uaing ice for wall support and mine roof as weoll.

Both underpground and open-pit operations may have a tailings disposal
problem.  The interactions betwaen Lailings and permafrost are nat fully
underntood. but vesearch (25) is going on to find solutionz. Same of chie
constyuction problems on the Trams-Alaska Pipeline can be covvelated to a



similav problem, the interaction between a fill (tailing) and the permafrost

ground (ice riclt or dvy).

The final soluticn to the winiag vs. environment questicn is In part
legal. :

Lenarz (12) in a short paper dealincg with his own opinionsg recparding
the preseat wining lcws presents several points that are well worth
considering.

He points out that on the State (Alzska) level there are only two
rescrictions which a miner must follow:

1. A miner iz not allowed to damage any stream or lake important to
the spawning of anadroumous fishes, and

2. If the claim is located in a watershed above an inhabired area, he

(the miner) nwust coumply with the guidelines se:z down by the Alaske
Water Pollution Control Act.

This iz an oversimplification, but the pointz may be well taken if ore looks

at the problem like Lenarz from a preservation point of view.
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These laws have souwe effects on operating mines, but they are ineffectiva

in decaling with abandoned mines. Lenarz writes that evidence of former
cining operations will remain for a long time and as such the "wildernesg"
agpect of the area is ruined. e further sugpests that wilderness itself
has a value, maybe higher than cthat cf the winerals contained in chizt area.

He suggests setfing areas aside for wilderness arcas arnd periodically revieow

these arcas in light of the national nseds for minerals. The sentizent he
expresses have been woiced by Agricola (1) in 1556, but the conflicc {s

intensified by the population increase. A move coemplete sumaary of Agricola's

views are found in Appendix C. Lenarz and many with him claiz thac
wvilderncss is a natural resource all by itzelf and ought to be ceonsidered
as suclh. The way luman population patterns emerge in the U.S. with the
significant increase in urbanization, wilderness acveas where one can "get
avay from it all' may be one of the many prices one has £0 pay for this
change in population patterns.



MINIRG AXD EXDPLORATIOM PARAMUTERS

With the ased for new materialy, fucls and better use of existing
macerials, all putting prassurce on the knovm, often limited non-venewable
natural resources, the world is headed tovard a major conflict. Lf the
developing natiens were to develop a similar matcerial standard as the
wastern world enjoys today, the pressure on developnent of natural resources
will be incredible. This conflict is expressed in a paper by Paric (17).

Hle states:

p. 1. According to the United States Buredu of Mines we now impor:
gome of 80 mineral commodities that we consume., The countryv dopends
entirely upon Linports for scveral of these criticnally needed commoditics,
for example, manganese, tin, and chrowmivm. Othere, such ag nickel,
titanium in rucile, and fluorite are produced in part dowmestically,
while a fcv such as molybdenum, phosphate rock, and sulfur are in
surplus and available for ecxport. Imports of many mineral commodities
have been increasing at cthe rate of ahout 1% g vear; domestic production
{s unable to keep up with growing demands, The dependence of the
United States on foreign sources for borh metallic and nonmectallie thus
1 slowly increasing and gives cauze for considcrable thought and
concern., HNot only are we importing more; we are also curtailing our
domestic output by restricting areas where prospecting and mining are
pacrnitted and by causing smelters to close. TFor example, at least 5
zinc smelters have closed in recent years and no new ones have been
huilt. OCrowing imports contribute apprecisbly to an alrcady serious
adverse balance of pawaents and hence to the problems of inflation.

Is the Uniced States sure enough of its import sources so thet it can
afford to penclize or discourage production from its domestic deposits?
p. 8. DPcople in recent years have rediscovered the environment
and, uithout studied considoration of the consequences, have decided
that things must change, not at a reasonable rate but at once under a
crash program. Many well meaning organizations, comsonly made up of
recasonably affluent educated middle class people, bave formed highly

vocal and effective lobbles aimed in part at establishing clean air
and clean wacey, but also at presewving in primitive condition for
posterity, very large areas of govervmanc owned landg. How are far
toward "prescrvatfonism' can the United States afford to go? Our
standard of living require that our resources te used. What is wrong
with tha concept of multiple use of land?

Certainly wining has mode thoughtless mistakes in judgemeut in the
past and is now being forced to correct thesc past errors. Industry
can no lonper allow sulfur smoke to escape unhipdered into thie atmos-
plicre, “acid mine waters" to drain into the waterways, nor dusty
tailings to blow around. 1¢ is buing pressured to landscape in an
acceptable wmanner such things as abandoned open pits and railing dumps.
Bulldozer cuts and othey ways of defacing thie countryside mast be

20
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avolded as far as possible. hese corractioas mnke good seasce from a
national standpoint but the cost of the changes and the time involved

in their implementaclen must bo tsken into considerdtion. Ve cannot
afford to shut down the wineral indastries and must remember that when
the final products sre sold they must still be compotitive with foreign
products. To clecan wup the envicoument takes Cime, 1s going to be very
expensive, and is bound to divert funds from badly nceded exploration
and rescarch. Tt should also be pointed cut that some of the techniques
necessary Lo attain the desived cnviyeonmental stendords are as yet
imperfectly developea.

This pressure has brought new interest in the Argtic and Northern Regions
as onc of the two remaining terrestyial fronciers (the other being the
tropice) for mincrals and fuels to be exploited while hopefully other
methods for a more equitable discribution cf natural rcsources will take
place over the next deecades, as well ¢s bringing neu technology into the
picture thus relieving the cnormous pressure on natural resources utilized
in the conventional manner,

But development of Arctic resources is not easy. Large areas are only
known on a reconnaissance basis, mineral deposits that may be mineable are
probably still waiting to be found. An indication is the current U.S. Bureau
of Mines sponsored research on minerzl evaluation of the southexzn Brooks
Raupe.

This arca of the Brooks Range has also been investigated in thie past.
Onc of the earliest accouats dates from 1902 and is written by Walter C.
Mendenthall (25). M.ILR.L. Report No. 16 (9) is one of Lhe newer references
to the mineralization of the region.

In this report therc arc refercnces to the copper mineralization along
the southern flank of the Brocks Range:

p- ll1. The major interest in this nining region at the present
time is the development of a copper depesit in the Ruby Creek area at
the west cnd of the proposed railrozd route. This is tha largest known
Alaskan Copper Reserve. After mors thaw tan vears of explorz:iion and
testing of thils deposit, the Kennecott Copper Corxpuration has purchased
the property and estzblished a division to plan for production. Access
roads and camp facilitics have been built. Underground expleration
is underway (Kennecott Ann. Rept., 1966).

The Kebuk regicn that contains the deposit at Borxnite is the scene
of much prospecting and exploration for copper. Recomnaissance and
drilling over an cast—west distance of more tham 200 niles is currently
in progress. -

Later in the report, p. 274, tlicre is another bricf wention of some
baeckground regarding the copper mincralization avound Bornito.

On the Alatwa River, wiLthin the schist bele, copper sulfides were
noted by the U.S. Goological Survey (Bull. 815, p. 117) but the occurrcnece
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docs nol swvem Lo bave been important. In the 1940°'s, Ernest Jolmson

of Bettles found wbat he described as a fairly larpe deposit of copper
ore hut ne did nol cousider that any copper deposit 1n that remote area
had aby prospective value.

It may be argued that the indications of base metal ore bodies along
the southern £Jlank of che Brooks Range are indefinite and remarkedly
few in nuuber for o supposedly favorable belr some 500 miles long. Tiw
argusecut would seem to he strengthened by the (acc that the belt has hnd
its share of prospectors -~ in 1893 cheve were about 800 prospectors in
the Kobult Yalley (USGS Bull. 815, p. 321) and an cytimated 1,000 men ia
the Yoyukuk Valley (USGS Buell. 442, p. 238). Of approximately 53 plucer
deposits with recorded production of gold, ncarly all were discoverced
before 190G5. /

llowever, this argument fails when considerztion is given to the
history of Weunccott's copper wmine at Boxnite. That deposit vas dis-
covered about 1900 but it was well over sixty years after the original
discouvery before a nrosvector (Reinbardt Berp) realized a yeward for
his stamina, skill and persistence in demenstrating the valus of the
discovery. Obvicusly, there was no incentive to develop base metals
during the short lived vaves of prospecting around the beuinning of this
century when wmen were scavching for the rieclh, shallow goald placers that
had made poor men wealtliv in the Klondike and on the Scward Peninsula.
There was no market for a base metal mine; a market for gold was no
farthexr than the nearest trading post.

Kennecott's purchase of Berg's prospect is the first sign that a
market for mines in che more remote parts of Alaska is finslly being
realized. That the market will grow and grow rapidly is evident frou
all forccasts of the futur2 minerzl requirements of che United States.
For example, Sccretary of the Interior Stewart L. Udall noted that the
people of the United States in the ilzst thirty years had used more
nincrals and fuels than 2ll of the people of the entire world had used
previcusly ~ and that our requiremeants for the next thivty ycars will
likely be double those of the past thirty. years (Wash. D.C., Jan. 10,
1966, Address to American Mining Congress).

To mecet the national nced, the less accessible parts of the United
States must be node accessible, and the nearly fovaocten prospector
must be induced to veturn to the hills. These wust be done bofore a
nineral shortase begins to cripple the nation's economy. DProvision of
reliable transperration to potentially productive but as yet unproven
areas of Alaska m2y bc lese of a gemble than the failure te do soj
incentives for prespectors ave a wortiiwhile governmental iavestment
(as has been proven in Lanada).

licre it is interesting also to note the warning regarding a potential
mineral shortage, a team repcated in Park's (17) paper and currcently (1974)
considered by the U.S. government. Two of M.IL.R.L.'s more recent reports danl
with other aspects of Alaskan mining. In Report Neo. 29, Wolff ct. al. (1S)
mencions the copper deposits and devotes a short section to this deposit.
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p.9 Copper

Since the carly 1950's, the area north of Shungnak, on the
lobuk River in the Baird tfountains, has been undex egplorztion and
development for copper. This avea probably has the greatest potential
for copper ab present of any in Alaska, and no doubt vwould ba fuxrther
advanced towards production if trapsporiation was available. At prevanc,
numbers cannot be assiprncd to grade or reserves, but indications are
that it will Dbecomne a major producer of copper. There is little doubt
that the areca 1ls a prdwme target of a transportation systea.

Copper mineralization excends castward from the Bornite area all
the way into the Koyokuk and Chandalar districts. For the purposes
of this study, it is asswned that there is a 757 chance that a major
copper deposit will be discovered somewhere near the headwacters of the
eastern Koyulkuk or western Chandalar drainage.

In tryiag to asscss the need for power from a dam across the Yulen
at Rampart, it was poctulated thact mines in the Tindir group near th
Canadian Border novth of Eagle could be to little justificacion for
this statcuent. Equipment and supplics for exploration in this area
would probably be movud at first by river and tractor train, later by
a road north from Lagle.

The Fluorite deposit at Lost River has received considerable publicicey
over the last several years, buf currently, not nuch is being vritten about
the mine. The following is a summavry of M.I.R.L. Reports regarding ths
minerzlization in the wastern part of the Seward Peninsula, the Peninsula
made famous by the Wome goldrush.

M.L.R.L. Report No. 18 (15):

This report was written before the Lost River fluorite deposits weve
considered for mining. Tha report states (p. 32):

Known Alaska tin resources (Figure 3) are not large but they
constitute the only significant tin vesource known in the United
States. The Seward Peninsula contains the only knowa lode tin
deposits in Alaska; Lost River, Potato Mountain, and Ear Mountairn.
Cassiterite 1s che principal tin-bearing wineval in the leodes and
placer deposits of the region. Tungscen, fluorite, and many othev
mirierals arce associated with lode tin i{n the western part of the
Seward Peninsulag.

It was also reported (Sainsbury, 1964, p. 50) that all infeorred
ore rescurves at the Lust River mine of more than one perecent cog-
bined tin and W04 are in the Cassiterite and the Ida Bell dikes.

If the ore shoot conrinuces freii the mine's 195 foot level to the
265 foot Jevel at a projected rake, it may contain as nuch as
80,000 tous of infcerred ore that will average about 1.5 pereent tin.
However, no opcration depending upon inferred ore should be
undertaken untll sufficient exploration and development is done to
verify this topunie estimate. The inferred ore in the extension Lo
the cast, according ro Sainsbury (1964, p. 51) is approximately



430,000 tous.

Potential tin-tungsten resources Ln the Lost River Mine areca are
resources whose average assay value is below one pércent tin or
combinced tin and tungstic oxide. Undur favorable economic conditions
and technological advance or in the event of strategic necessity,
these tin-tungsten resources together with other metal by-products
might be exploited.

Further on p. 18 it refers to the Scward Peninsula mineralization:

Reserves are estimated at 36,750 toas of metal at 0.2% to 1.3%
at Lost River and oanly a few thousand tons at Bar Mountain, Cape
Mountain, and Potato Mountain. If wining' is resumed and continued
there should bLe 2 good chance of extcnding the resarves.

At the Lost River tin mine, significant amounts of commercial
fluorite and Lervllium were discovevred. Total estimated resources
arc about two million tons of 507 fluorite, most, if noc all of
which could be economically recovered as byproducts of the tin
nining.

A reference to the fluorite is found in M.T.R.L. Report 29 (18):

The Lost River area on the Seward Peninsula has long been known
to contain tin, but recently other associated minerals have come to
the fore. The Lost River Mining Company has announced plans for
developing its fluorite deposits at Lost River. According to its
annual report (McGuat, 1872) they now have 28 million tons of ore
with an average grade of 18,6% Calp. The Cempany expects to upgrade
this ore to a concentrate containing abour 85% CaF,. The mining
tate is expected to be about 2,000 tonag per day of ore, producing
about 300,000 t.p.y. of concentrates. It is expected that the
above reserves will last 20 vears. According to the annual report
of the Company, there is an excellcot chancce of increcasing reserves.
Prelininary plans call for building 4 port at Lost River und using
a 30,000 toa scmi-icebreaker ship making one trip per nonth for up
to I0 months. ‘'fin, tungsten and beryllium usuld be produced as a
by-product; tin and tungsten ore cstimated to wmake up one half of
the valuc.

The Lost River activity has subsided the last scveral years, and this
year (1975) no activity at the site is reported, 7The finalization of the
pluans listed above scem to have been postponed Lo some future, yelb unspecified
fime.

Of the two properties of specific interest in this repore, {t would
seem, at least from the news releases in the pruess, that the copper in the
Brooks Raunge may be brought into production betore the fluorite in the
Seward Penlnsula.



CONCLUSTONS

To be able to specifically ninsoint potential pollutfion nroblems related
to mining activitics, the specific mining and ore processing methods cemploved
at the mine site wiil have to be known. In the cases of Lost River aund
Bornite, it is yet too early to tell wvhat the final decisions regarding these
parameters might be. ' ; '

Tor Lost River, one of the constraints on the dcvelopment is the amount
of water available. This potential problem mayv be more severe should a
majar development take place at the site; however, these pluans scem to have
been shelved, at least for the time beinx. Should a major community be
develorad in conjinction with the Lost River mine, the assoclated polluticn
potential, especinlly to the marine environment. should be considered. The
developments at Pruchoa Bay, however, shuw that preservation of the environ-
ment can be carried out even with z major developiment such as the Yorth Siope
oll fields. The expense {s great, and the cost of the envivoamental pro-
tection is one that will have to be balanced against the value of the deposit;
the revenue created by the operation of the mine or petrolcuw rosource.
At the pregent tice, there is no activity at the Lost River site.

Bornite is in a somewhat more favorable posicion as far as the avail-
abllity of water is concerned. Also from the environmental polat of viaw,
since no major develooment as originally envisioned at Luost River, the
Bornite 1s in a more favporable condition. The reserves at Bornite are probably
large, the mine mav cover a large area. However, bhv using modcerun reclaimation
techniques, the environmeneal impact should be keot to a minimam.

Another factor which complicates the issue eof the c¢nvivoumental impact of
mining, especlally in Alaska, is the intimace relarionship belween the miune
operation and the¢ access to the mine. The environmental impoct of the access
may be more obiectionable than that cauvsed by the ttine itsell, although the
impact ic often blamad on the mine. The environmental impact of the mining
operation per se& is usuallv small. The amount of Jand involved in the minfng
operation 1s usutally quite small, envivonmental iavace often relate to the
disposal methods of waste from the mining and milling operations.

Seme environmental damage or degradation from mining opcvation L& probably
unavoidable. The conflict has been with us for hundreds of years, and it is
not likely that the arguments will quiet down over Lhe next ducades. With the
pressure on developstent of natuvel resources on one hand and the need to -
preserve a qualltyr environment for future generations we will see more avzuments
from both camps. “aybe Agricola said ir best when he wrote “...it is not
metals that are to be condemned, Lut cur vices,.."



RECOMMEMDATTIONS

This paper has pointed oul scveral genernl Eeatures of Alaskan mining.
Some specific points to keep in wind ave the following:

A. Revcgetation {ollowing the mining operation takes  place, even if
the reclamation efforts done by the mining compavy has been
mininmal. This is clecarly seen in the Feirbanks area where the old
dredge tailings support heavy growth of willow and birci in many
places. 1€ conscicntious reclumation efferts are carried out, the
regrowth is quite good. The present coal operations near Healy
have carricd ouc a hiphly successful revegefation project on their
tailings.

B, The total land areca disturbed by mining opurations is quite small
in aerzes, however, the mining areca, ineluwding access roads, may be
eyesaras, aspecially 1€ the rood has been cleared without regard
to the ground conditions, i.e. perwnafrost, and liticring lbas been
taking place. Dut, lilke shoun for the Trans-Alaska Pipeline road,
controllud access and a dedicated effort to minimize envivonmental
impact, have created a road thot does not unduely disrupt the
natural environment.

C. A negative iuwpact crcated by ronds, is one of providing easdexr access
to the lend. Increased hunting and {ishing pressurcs wmay follow,
the results are secn around Faivbanks where increased porpulation
and .ncreased henting pressurc bave combined with natural causes
created n siguificant Jdecrease in certain specles; moose being one
such example, caribou anothey.,

D. Water quality is being affected by placer nining operarion; however,
the impact on clcar water streame cian be reduczd usiug practices
reducing the silt rcleased into the waterwav. Quite often the
natural runoff is silty and wminiug opexations do not veally affect
the stronm.  The latter is evident 1o glacicer fed ctreams which
naturally carry a lhicavy silt load.
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APPENDIX A

Bibliagraphy -~ Lost River Ares

This bibliograply was in pavt comwiled by a groduate student
originally working on this project.. Spacial sctention should
be focused on the work by Robinson and Pacton, this being the

most recent reference vegarding the geologv and cnvironmental
setting of the Lost River Arca,

3]
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permits (kousesion) ta operate a mine and the rules governing that partizular
mine (Berpgverlkskonsesjon). These two bagically diffcrent types of regolations
will be discugsed in nome detail helow.

Favironmeantal Repgulations

With the tremandous interest sparked by the Noreh Sea oil development,
there Lias been considerable prassurc put-on the Norwegian Governmonl to open
vast arcas of the Nowrweglan Countimental Shelf and the Coatinental Shelf off
Svalbard as well as on Svalbaxrd. This has resulted in rcgulations published
by the Norwegian Government Lﬁ] and [9].

The booklet containing the environmental regulations for Svalbard is
interesting jin that it points out speeizl featuvres of the Arctic environ-
meat, fcaturcs that ave not cormonly known (or anticipated) by people in
milder climates. The repulations surrouading the Trans-Alaska Pipeline can
serve as a U.S. counterparct.

The Norwegian booklet states in the general dntroduction, "[Ewuperience
shows that violation of regulations and damage to the environmwent on Svalhard
occur most frequently due to inadequate knowledge of the regulacions and thiz
special conditilons in the Arctic™. The Look also contains several '"do and
don'ts":

¢. The winter in the arctic attracts special attentivn. Foad is limited
and energy costs are high for mammals and birds. Do not chase tiuem
Jich snowmachines, airecraftcs or helicopters boecause this may upsat
the encrgy balance of the znimals and increase wmortalicy,

16. It 1s normally no use burying garbase because the frost soon brinns
it to the surface azain. Burn what is pogsible and brin: the rest
back or bury it in screes, PEroken glass, can, wivres and cables, c¢cc.
imust not be left benind. Such waste is a countinual threat to birds
and mammals. Do not conmsider the sea as a garbage can. It will

soon return the waste to the beurhes.

11. TIf you cowe across a deserted cznp which has not baen cleaned up,
plecase devote some time to cleanding it up.

12, Pay attention to the arctic environment. It is extresicly vulnerable.
Respect for the envirenment costs little and means much.

The booklet alzo contains genaral (and praceical) informotion concerning
Svalbard, populatioun, adwinistration, accowmodations (there are wone) and
supplies ameny others. Other yegulations specifically govern the exploration
and drilling for petvoleum aund other vesources on Svalbard [8]. These
regulations arce dpecilic in outlining vestraints teo assure a sale exploration
program. If, for csamplye, petroleum is found, Scction 50 is specific as to
whal to do:



APPENDIX B

Mining and Enviroumental Censiderations
As Praciiced {n Norway and Swelen

The suirmer of 1974, a three-nan team from the Hineral Industry Research
Laboratory had the oppurtunity fe visit mincs in Norway, Sweden and Svalbard
to obscerve mining praccices. This work was mavt of two contracts with the
United States Bureau of Mines (S 0133057[11)! (8 0144117[2]). 1In aadition
to the primary objectives of the two projects, the trip also gave insight
into the Scandinavian practices of envirommental consgervation vs. mining
operations.

GCenerzl

Therze are two departments of the Norwegian Government generzlly ianvolved
in the aspects of Mining and Environmental considerations. These departments
are the Royal Ministry of Induscry and liandicraft and the Royal Ministry of
Environment. The legzal basis for thelr operaticn is found in the Norwegian
laws. The bulk of the laws pertailning to the minerzl induscries are con-
tained in the following Acts, the Norwegian Mining Law (7] and the law
regarding Protection of Naturc [s]. Portilons of other laws also influence
the relationship betveen mining and environnmental concerns. The ilational
Building Law (4] and the law concerning Qutdoour Life and Recreation (3] are
two very importunt ones.

Other laws with bearing on the environmental aspocts of mining are
found in the law concerning relaticnships botwveen neisghbora and scveral laws
dealing with air and water pollutlion [63, both from domestic and industrial
sources. Another basis for regulations regarding mining and coviromnental
issues arc Royal Decrecs (executive ovder). These are repulations establislied
by the Kirg (i.e. Executive Branch).

Based on these laws, the appropriate Miniatry will issue regulations
(Forskrifter) on how the law is to be ifwplemented. Tliese regulations are
often quite detailed and poilnts out how operationeg are to be carried out
and also spalis cut appropriate safeguards and, of cuwrse, fines far not
following tlie ragulatfons. Iu sddition to the general regulations, the
Ministry of Iundustry through Office of Mines and Petvolcum will issue the

1 , . .
Number in brackets recfer to references lictaed in the attached biblfography .
to this Appendix.
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The finding of petrolewnm shall promptly be reported to the

AN

Ministry together with the licensec's evaluation of it,

Complete informacion relating to the nzture of the fiuding and
what further staps the licensee has token to determine the

extont of the deposits and the vesules thereof shall be submitted
in writing to thu Mivistry as soon as possiblce. Furthermore,

information shall be gilven as to wherther the deposits are

coasidered commevcially enploiteble. As scon as a plan for the

exploitation has becen completed, it shall be submitted to
Ministry for approval.

the

Secticn S1. Wells where petrolcum finds have been made shall be
securcd in a proper manuer accovding to geod oilfield practice,
so 28 to facilitate production, to protect the well gpainst

penetration of water or other alien matter into the well,

to

pravent Lthe escape of petroleun frem tiie well, and to protect

the surrcundings and air against pollutica.

Mining Concezsions

The mining laws for Svalbard and Noxway are quite different.
discussion below applies to Norway only,

The Ministry of Industry and Handicvaft issues a conceisicn wh

The

ich pri~

wits 2 cempany to operatc a mine for a certain period of time. usually 50
years. After that, the concesxzion goes back fo the govermment Irze of

charze. The basis for the concession is the Mirning Law [7] and the detailed

intcrpretations and rules based on the Miniag Law,

The Mining Concession defines the cornpany slhructure to some denrce:
D [} By ; 53
"the head officc shall be in MNorway", "rhe bogrd shall consist of Norweginn

a0

citizens,” the coppany stock: "80% shall be in Norwegian hands". The
document &lso specifies some of the lLey parsonn2l necded to operate tic

mine (i.e. registered mining engineer, a mine foreman, etc.).

One section is devoted to the intevaction between mining opevations anld
cnvironmental conservation. A Cypical concession may state Lhat the compray

will, as far as possible and at company expense, protect plant and animnals,
geologic and wmineralogical formatijons and otinwr cnvirenmental assets. TP the
vorlt unduely damages the enviromment fov scientilfic studics, damage histocical

gites, the cost of exploring such sites arce cavried by the company.

Thae

S0

company 1is also charged with making cuve that the works are the least pounsible
eycsore, this goes for the physical plant as well as the tailings dispositl
avcas. At the close of the mining operation, tha company has cthe respon-
sibilitcy of clcaning the area and of making openings safe for people and

anirals. The rasults of rhese regulations is a cooperative crffort to pre-

serve the epviromacnt, carvicd oot by the minicy company and the appropricte

foverument agencies., Thiy ia tuvn bas vesulied in modern efficient

mines
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where conecern and preservation of a quality envirooment has a high priority.

The copper mine at Repparfjord may serve as an example. Copper minovnli-
zation around the Repparfjord in North Nouway has heen known for centurics.
In 1758, 60 pounds of "pure copper' were shipped out through Hammerfest
customs office. The source of this copper must have been onre of the many
small high grade deposits. in the area. The ore body which is mined at the
Repparfjord mine was discovered about 1900 and was mined intermittently
until 1913. Further exploration was carried out, but the resulte of these
efforts were inconclusive and the operations werc suspended. Eventually
by the 1960's 10 million tons (metric) resecrves 2t 0.72%7 Cu were delincated
and this lead to Folldal Verk A/S developing the present mine. The first
construction work started in 1270 and in June, 1972, the mine was in full
production. Design producticnn is 600,000 tons (metric) ore poer year cr ahout
8-13,000 tons (metric) annually of copper concentrate with a copper ceontent
of 45 to 50%.

The mine lies at tidewater, about a mile from the head of the fjord.
At this location a salmon river, Repparijordelva, empties into the fjord.
During our visit to the mine we saw several 15 lbs. salmons that had been
taken out of the river. The mill tailings arc being deposited in the fjord
about one mile further out from the mine or two miles from the mouth of
Repparfijordelva. 1In addition to tha salmon fishing, commercial tishing is
also taking place in the fjord. The tailings are depesited at about 60 m
deptli. An under.ater pipeline carricd the efflucnt from the mill to tha
site. The pipeline is about 20 m above the bottom and is arranped so that
the disposal takes pliace over a 600 m length., To assure a fast settlement,
a fleocrulating agent is added to the tailings. Reports from a diving bell
at the dieposal site verify the effectivencss of the method; there is
essentially no turbidity at the site. Reports from pecple observing from
the diving bell also indicate that the fish may even be attracted to the
disposal area.

One of the iron mines visited, Sydvaranger, also disposcs of tailings
from the mill by depositing it in the fjord. In the case of this mine, no
flocculating agents are nceded, the tailing materizl is essentially all
quartz, the magnetitas orc is separated from the quariz wagnetically,

In other mines in the interior of the Scandinavian Peninsula, tailings
dispesal using tailinpgs ponds were utilized. The ponds were quite long
downstream thus making the effluent clear and the water could either be
reused in the mill or discharged into cxisting streans to maintain low flow
or both, TFrom an cuvirommental and enginecring standpoint, these solutions
were adequate, any inadequicy would hinge on the '"visual pollution' aspects.
The acsthetics of an in part dry and dusty, in part wet and muddy tailing
area are somewhan queationable. However, wmine operarion includes these
aspecets.  (Some peeple would probably be equally or mora distressed by an
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open pit mine.) The local populztion aceepts the mine aad of course the
assaciated tailing disposal area. The objoctions vo it were raiscd by
cnvivonmental groups frum other parrs of rthe councry. As far as Alaska isg
concerned, the parallel is striking.

The big cdiffcrence is the local attitude. The Horthern parts of the
Scundinavian Perinsula have heen a soutrce.of ray matcerials and of trade in

.batural resourens for mors than a milienium. The Lapps with thely reindecry

herding also have the old hunting and fishing rights in the Interior, thus
tradirz in fur and meat. The coast pecple traded in fish, Since the
Thirty Year War (1618-1648) there bhac been an increasing interest in the
mineral resouvrces of the region. The Mineral Industry has a natural placec
in the ecccorony and what may be considered cnvironmental damnge by certain
groups is a way of life and an economic base for large secyments of the
local populacion. '

There 1s a minor conflict between reindeer herding and mining. The
mining operations sometimes occupy land usced for grazing or the wine and
assnciated road systens prescnt an obscacle to the annual woving of reindecr
froa the interior to the coast, or wvinter grazing to summer grazing arcas,
These conflicts are sertled in or out of court. (A smcll never-ending
problem remains in crying to kezep the reindeer out of a mine. Fences are
sct up with sore success, but fences do not work if people forget to shuc
the pates.)
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APPESDLY C

Mining vs. the Epvivoanment

A Historxical Udote

The current energy and mineral shovecazes expericnced in the United
States the last few years and the opposibtion by anvironuneuntal groups to
resource development have served te focus public attention on what in fact
18 an ancient conflict between establishiag a certain standard of living,
and utilizing the earth's resrouces (o wmaintain this standard. Quite often.
the two are viewed separately and as a resulk, people often losc sight of
the iluterdependence of the Lwo.

In our modern society whera the service oriented (uunctions ewploy the
majority of peopla, it is not strange that our need for and dependence oun
mincrals are often overloolied. The very small parcents of the populatiocn
engaged in agriculture and j»ining, tha twvo basic ingustries, makes these
industries very natural ones to overlook or downgvade in importance. The
fear of developiug is also fucled by the current discrepancy in resource
uvtilization between the developed and the developing world.

This limited and often confused outlook i3 not ncw. In his book,
D¢ Ne Metallica, published in 1536, Georgiue Agricola devotces one "bool',
or chapter, to the subject of the importance of nining. The quotes from
thic "book" are taken from the 1912 tramslacion by Herbert and Lou Henvy
lloover (1).

Agricola first opens the 'book" describing the knowledue nesded to be

a miner:

For a mincr must have the greatest shil) in his work, that he may
know first of all whaot mountain cr hill, vhat valley or plain, can be
prospectud most profitably. or what he should leave alene; wmoreover,
he must understand the veins, stringers aud scoms in the rock. Then
he must be thovoughly familiar wicth the many and varied species of
earths, juices, gems, stones, marbles, rocks, wmetals, and corpounds,
He must alsa have a complete knowledge of the methed of making all
underground works, Lastly, therc are the various systems of assaying
substances and of preparing them for smelting; and herc agoin there
are mauwy diverse methods.

And he continues:

Furthermore, there sre many arts and sciences of which a miner
should not be ignovant. TFirst there is Philosophy, that he may discern
the ovigin, cause, awd nature of subtervanian things; for then will he
be able to dig oul the veins casily and sdvantageously, and to obtnin
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more abuundant resules of his mining. Secondly, there is lcdiecioc,

that be may be able to Jook after ls diggers and other woxkmen, that
they do not meat with these discases to vhieh they are more liable

tinn workmen in othar occupatious, orxr if they do meet with them, thar
he himself may be able to heal them or may sce that the ductors do so.
Thirdly fellows Ascronomy, that i may kaow the divisions of the
beavens and from then judpe the dirccetion of the veins. Fourthly,
there ig the science of Surveylinp thet he way be able to estimate how
deep a shafec sbould be sunk to reach the tunnel which is being driven
to it, and to deterpine the limits and boundaries in these working,
especially in depth, Tifthly, his koowledge of Arthimctical Secience
should be such that he may calculate the cost to be incurred in the
machinery and the working of the mine. Sixthly,” his learnings must
comprise Architecture. that he himself mway construct the various
machinas and timber work regquired underground, or that he may be zble to
explain the method of the comstruction to others, Next he must have
knowtadge of Drawing, that e can draw plans of his machinery. Lastly,
theve is the Low, especially in dealing with wmetals, that bte may claim
hig own righte, thac he may undertake the duty of giving othars his
opinion on leyal matters, that he may pot take another man's property
and so make Lrouble for himself, and that he may fulfill his obligations
to others according to the law.

Ae z sideline, we can cee that the philosophy of mining engincering
education has not changed wmuch over the laslt seversl centuries. But back
again to the issue of conflict created by miuing:

Since theve has always becen the greatest disapreemcnt anongst men
concerning metal and mining, some praising, others utierly condemning
them, thevefora T Wwave decided that before imparting my instruction, I
should carefully weigh the facts with the view to discoverinz the trulls
in this matter.

Agricola then proceeds to cover aspects of rhe conflicts raized by mining,
but also defends the mining industry. Discussing the various examples, he
also cxpresses a vevy 'modern' way of thirking, showing also how much we,
the Weectern civilizacion, indecd owe the great people of the Renaissance.
The following quotces are of interest:

Again, those who condewn the mining industry sa& that it is not in
the least stavle, and they gloxify agricultuxre beyond meacsure. But I
do not see how they can zay this with truth, for the silver-mines at
Freiburg in Meissen remain still unexbausted alter 400 years and the
lead mines of Goslar afcer 600 years. The proof of' this can be found
in the monuments of histoty. The pold and silver mines belonzing to
the communitics of Scheamitz and Cremmicz have been worked for 800 yearvs,
and these latter are said to be the most ancienc privileges of the
inhabitanesn. '

Agricola also has coments on mine salety:
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The exitics say further that minlng is a perilous occupation to
pursue, pecause Lhe miners are sometimes kitled by the pestileatial giv
vhich they breathe; sometimes thein lungs rot away; sometiacs the men
perish by beinz crushed in nasses of rock; sometines, falling from che
ladders into the shafcs, they break Lheir arms. legs, or necks; and it
is addad therc is no compensatien which sheuld be thought preat enough
to cqualize the extvoeme cangers to safcty and life. These occurrences,
I confess, are of excecding gravity. and morecover, fraught with texrey
and peril, so that I should conside? that the metals should not be dug
up at all, if such things were to happen very frequently to the mincrs,
or if they could not safely guard against such risks by any means. WUlhio
would not prefer to live rather than Lo possess all things, even the
metals? Tor he who thus perishes posscsses noching, but relinquishes
all to his heirs, But since things like this rarely bappen, and only
in so far as workmen are carcless, they do not deter miners from carrving
on their tradas anymore than it would deter a carpenter from his, because
onc of his mates has acted incautiously and lost his life by falling
from a tall building. '

Considerable thought is spent on the philosophy of the advantages of
netals to mankind. '

Another of their arguments is this: Metals offer to men no advan-
tages, therefore we ought not to search them out. For whereas man is
cemposed of soul aud body, neither is in want of minerals. The sweetest
food of the soul is the contemplation of nature, a knowledge of the
{inest arts and sciences, and understanding of virtue; and if he interests
his mind in emcellent things, if he exercises his body, he will be
sartisfied with thiz feast of noble thoughts and knowledge, and have no
desire for other things. Now although the huran body may be content
with necessary food and clothing, vet the fruits of the earth and the
aninals of different kinds supply him in wonderful abundance with foed
and drink from which the body may be suitably nourished and strengthered
and life prolonged to old age. Flax, wool, 2nd the skins of many
animals provide plentiful clothing low in price whilz a luxurious kind,
not hard co produce - that is the so called seric material is furnished
by the down of trees and the webs of the silk worm. So that the body
has absolutely no need of the metals, so hidden in the depths of the
earth and for the grcater part very expensive,

And further, he gives this cexanple:

But besides this, the strongest arpument of the detractors is that the
fields are devasted by wining operations, for which rcason formerly
Italizns were waracd by law that no one should dig the earth for metals
and 8o injurc their very fercile fields, their vineyards, and their
olive groves. Also they argue that the woods and groves are cul down,
for therc is a need of and endless amount of wood for timbers, machines,
and the smclting of metals. And when the woods and groves are felled,
then are exteyminated Lhe beasts and birds very cuch of which furnish
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a pleazant and agrecable food for man, Further, when the ores are
washed, the water wlhich hax been used poisons the brooks and streums.
and cither dasteoys the ficl or drives them away. Therefore. the
inhabicancs ol these vegions, on account of the devastation of their
ficlds, woods, groves, brooks and rivers, find great difficaliy in pro-
curing the noecessaries of life, and by reason of the destruction of the
timber they are forced te greater expense in evecting buildings. Thus
it is said, ft is clear to all that there is greater detviment from
wnining than the value of the wmetals which the mining produces.

So in fiercce contention they clanour, showing by such examples as
follow that c¢very great man bas been content with virtue, and despiscd
metals,

Evil of the metals, especially gold and silver are shown in the many stories
where people have betroved their families, cities or countries for the love

of gold. The base wmetals also got theirs. Agricola cites examples exposing
the evils of copper, lead and iron. Lead, for instonce, ",..1s a pestilential
and noxiocus mecal, for men are punished by weans of molten lead...." Con-
cerning iron, Agricola quotes Pliny: “'Iron is used not oanly in haund to

hand fighting, but also to form the winged missiles of war, sometimes for
turling engines, somctimes for lances, sometimes even for arrows. T look

upon it ag the most deadly fruit of human ingenuity. For to bring death to
men more quickly we have given wings to iron and taught it to fly.'"

In summarizing the statements of people who attack mining, Agricola adds
aleo a defense of the mining industry. The reference Lo God }s not at all
out of place. Agricola was a devoted Christian all his life.

They contend that, isasmuch as nature has concealed metals far within
the depths of carth, and because they are not necessary to homan life,
they arec thercfore despisad and repudiated by the noblest, and should
not be mined, and seeing cthat when brought to light they have always
proved the cause of very great evils, it follows that mining is not
vseful to wmankind, but on the contrary harmful and destructive. Several
good men have been so percurbed by these tragedies thac they conceive
an intenscly bitter hatred towards metals, and they wish abcolutely that

1This wvas during these firsc years of the Lutheran Reformation. A measure

of Georgiu$ Agricela's staading can be ceduced from the fact that all his Life
he remained a Cutholle. Tie princes and dukes who called upon him and his
services were Protestants. A Protestant prince, Duke Maurice of Saxon, madce
Agricola Burgomaster of Chomnitz and also presented him with a house and ploc.
In adaition to dutics as Durgamaster, Apricola was used for diplomatic mission.
In L5477, Puke Mauvice addresszed the Chommitz Council: ''We hereby make

known to you that we ave in urgent need of your Burgomaster, Dr. Georgius
Agricola, with us. It is therefore, our will that you should yicld him up

and forwavd him that he sbould with the utmost haste set forth to us here

hear Fricberg.'"
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mctals had vever been created, that no one had ever dug them out. The
more I commend the singular honest., innoccuce, and goodness of sueh men,
the more anxious shall I be to remove utterly and cradicare all error
from their minds and to reveal the sound view, which is thac the wevols
are woust uscful to mankjind.

In the first place then, those who speak will of the metals and
refuge to make use of them, do not see that they accuse and condemn
as wicked by the Creatov limself. when they asserc that le fashioncd
sowe things vainly and wichout good cause, and thus they regard llim as
the Autlivr of evils, which opinion is certainly not worthy of pious
and sensible wen.

In the next place, the earth doss not conceal metals {u her depths
because she doecs not wish that men should dig them out, but beczuse
provident and sagacious nature has appointed for each things its place...

Sceing then that zetals have their broper abiding place in the
bowels of the earch., vho does not see that these meu (detractors of
mining) do not recacn their conclusions by good logic?

They say, 'Altlicugh metals are in the carth, cach located in its
own proper place where it originated, yet because they lie thuec encloged
and hidden from sight, they should not he taken out.' Rut in refutation
of these attacks, which are so annoying, I will on behalf of the nctals
instance the fish, which we cateh, hidden aud concealed though they be
in the water, even In the sea. Indeed. it is far stravnger that man,

a terrestrial animal should search the interior of the sea than the
bowels of the earth, Tor as birds are born to fly freely through the
air, so are fishes born to swim through the waters, while to other
creaturcs nature has piven the eavrth that they might live in it,

and particularly to iau that he may cultivate it and draw oub of its
caverins metals and other mineral products. On the other hand, they say
that we eat fish, but neither hunger nor thivst is dispelled by minerals,
nor are they useful iu clothing the body, which is another argument by
which thesec people strive to prove that wmetals should not bhe taken oul.
But man without meatals cannot provide those tlulngs thich he noeds for
food and clothing. Tor, though tiie preduce of the land furnishes the
greatest abundance of food for the nourizhment of our bodies, mo

labour can Le carried on and completed without tools.

Agricola then gocs into some detail discussing the various kirds of tools

and their uses; ploughs to till the soil arc made from ivon, the tailors
ncedle, the fisherman's hook, the carpenter's Lools to wake hcuses. lle
suiaarizes his defense in the following mamncr:

Put what need of more words? Tf we remove metsls from the service
of man, all methods of proccering and sustaining health and more care~
fully preserving the course of life are done away with. TIF thare wewe
no netals, nen would pass a horrible and wretehed existence in the
midst of wild beasts; they would rerurn Lo the acorns and {ruits ond
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berrics of the forest, These would fecd upun the herbs and roots which
they plucked up with thedr nails.  They would dig cut caves in which

to lie down at aight, and by day they vould rove in Lhe woods and
plailns at vandom like beasts, awld inatamuch ay this coediiisn is atterly
untworthy of huamanity, with its splecodid and glerious natural cendowment,
will anvenc be so feclish or obstionate as aot to allow thar metals are
necessacy for fosd and clothing and that they tend co prescrve life?

Borcover. as the miners dig alwost cxclugively in mountaius otherwise

unproductlive, and in valleys invested in gloom,. they do eitlier slight
damage to the fields or none ak all. Lastly, wvhere woods and glades
are cut down, they may be sown with grain after they have been cleared
from the roots of shrubs and trees. These new fields soon produce rich
erops, so that they repair the losses ublch the inhabitants suifer

from increased cogt of timber, Moreover, with the mztals which are
melted from the ore. birds without nombiz, edible Least and fish can

be purchased celsewvhere and brought to thuge mountainous regicns,

The final paxt of the "book' decals with human nature and th2 wiwverals,
especially god and silver. Agricola writes chat greed for gold is a function
of human nature, not of the gold itself. He states: .

From these cxamples we sce that it is not metals that ave toe be
condemned, but our vices, such as anger, cruelty, discord, passion for
power, avarisce, and lust.

Human nature geems to have changed very little thirouzhout the centuries;
although today wo often think curselves as far removed from the Rznaissance,
ag a thought it would bHe interesting to koow vhat people 419 years Srom now
will think about cuy present day enviroumenial conflict and also the people
of the fature's theughts on the changes iu (or stability of) lhuman nature,
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