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A CONTRIBUTION TO ALASKAN GEOLOGY 

EFFECT OF PERMAFROST ON CULTIVATED FIELDS, 
FAIRBANKS AREA, ALASKA 

ABSTRACT 

Permafrost amts  agrlcnltrfrnl derelopment In many parts of Alaska. 
Its destructive effects 011 cultivuted flelds result chiefly from the thnmlng of 
large m a w s  of clear ice 111 the frozen ground. E care is not exercised In wlect- 
lng areas to be clenr~d for cultiratlon, thawing of wrmnfrmt may necessitate 
abandonment of fleids or their reduction to pastare. The effects of permafrost 
on farming nre well illustrated i n  the FnErbanks area, whlch Iles In the Tanana 
Talley. the most ertenske potential agrlculti~raI area ia Alaska. Permafrost 
may be enconntewd nearly everywhere in the Fairbanks Rrpn except beneatb 
I~illtops and moderate tu steep south-facing slopes, Setliment~l of the Tanana ~ n d  
Chena Rlver &o& plains (50 percent of the nrea) aFo pcrennlally frozen to a 
depth of at lenst 2Ri feet, but not everywhere is p?rmairost encountered In a 
single layer. Pcrmntrust on the R o c d  plain aff&a mll drajnage and temperatnre 
daring the n~wt few genrs lfter the clewing of the Innd, hnt this effect disappears 
after the perrnafrmt tahle ha8 heen Iowerwl. Bemuse ground-Ice m a s w  are 
locking, no undmlrable mounds or pits nre formed lq thnn-lng of frozen ground. 

Alluvlnl fans, collmisl slope&. rlnd Inwlnnds. all mnsjstiog of silt, extend 
from the bills to the fload plnln and nre urlderlain by mntinnons permafrost, 
as much as 175 feel thick near the flood plain, but which thi~s toward the hills, 
ptocbing out at the base ot ~ t e e p  aouth-fncln~ s l o w .  Permafrost in the fnn~, 
slow, and lowland 1s chnrncterlzd by mnsses of clear ice as much as fa ftxt In 
the lnrgesr dlmenslon. Removal nf vrgctation cover muses thawing of this Ice. 
The thnwing of the ice masses crentw tliermokarst topography--an uneven 
tojmmaphp C ~ R ~ B C W ~ I Z P I I  hy rnoi~t~r ls,  sngs, ~i!\khnles, tunnels, carprns, nnd ~bnr t  
ravlnm. 

Thermokarst mounds are polygot~al or circular hummocks 10 to TCi feet in 
diameter m d  1 to 8 fept In height. -separated by trenches 1 to R feet wide. The 
trenches are firmed by the mrlting of a po l~gona l  network of ground-icc! masses 
and subsequent subsidence 01 the ground lar ing  mnnndu In the Interaening 
areas. hlounds PnPrnllq' be~ln  to form in a cnltiwtd field wlthtn 2 or 3 years 
after clearing. 

Thermokftmt pita are steepwalled pits, 5 to 20 P e t  deep and 3 to 20 feet across, 
initiated by the melting of ground-ice. Tmentpfour therrnokarst plb were foand 
in rmltlwted Reld~ of the IgnEcbanks area. 

Mltmial fans, colluvlal dopea, and a small silt lowland comprise 27 percent of 
the Palrbanks area. Thwmoknrst mounds and pits are likely ta form In cnlti- 
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vated flelds on these sIopw and lawland; these b e a t u r n  mas n-itate the 
abandonment of the field or reduction to pasture. In 1M. 32 of the 31 flelds 
on the #lops and the lowland showed erldene of themioknrst nction. Sis of 
the 27 &Ids deared h iore  1% had been abnndoned for more than $33 years, 
m ~ d  In Are others cultivation was attempted only on n part of the originel cleared 
land. ~Iounds and plts bad already bpgun to form In hnlf of tl~e 10 fields clemred 
Irctwcet~ 1945 and 1943. 

The northern part of Ebe Fnirbnnks nren 123 percent) conpllnt~ of rour~dd, evcn- 
crest4 Iocss-corered hills 1,250 to 1,HlQ feet above sea level, Cultivated flelds 
on the sonth-facing gentle slopes of the hills do not have rnol~nds or pita bccause 
permafrost is abzr~nt. 

Tlbc Lnr~RtmPnt of labor and capital required for clearhg land In Alaskn mnkea 
cnwful mlrctinn of grormd imperative. 1-e mounds devclop. flcl(1ls can be 
rwlnimed: lry mding, and n field can continue to he used Ef the lnounds nrc 
r@p?aterlly leveled RS they re-form. New pits can be fllled as they appcnr. now- 
ever, it  is n costly fight nnd much time, money, and sou are wasted in such a 
prmniril mtrugglp, l a  pPrnlnfroat areaa land shonlcl be esurveyed for Its prrma- 
frost charncterlatlcs hefore de~elopment. 

INTRODUCTION 

Agriculture in Alnskn Legm during the time of the early gold dis- 
coveries more than 50 yaws xgo, and expanded with incrensed populn- 
tion, especially nfter 1Vorlri War 11. By 1950 about 13,500 acres were 
cleared for crops in Alaskn nccording to D. L. Irwin, Director, Alaska 
Agricultural Experiment Station (let.ter Dec. 11,1952). 

The prescnce of permnfrost ~tffects agricultural development in 
many parts of Alaskn. Amas suitable for agriculture in the central 
Pacific coast district mc nrlk underlain by permafrost (fig. 69), but 
farther north permafrost is incmasingly widespread ancl extends to 
increasing denths. Tlrherel.er present, permafrost affects land use by 
influencf rhg Gater supply, soil drai nap ,  the stability of roads and 
buildings, and the mirmtopograplrg of land cleared for crops. The 
destructive effects of pertnnfrust in cultivated fields result chiefly from 
the thawing of large ~nnsscs of clmr i c ~  hl the frozen ground. Pits 
and mounds cle~elop ~ f t e r  t hc: vogotntion cover is removed and the ice 
masses melt. Gullies fona in silty soils or1 slopes where surface waters 
are. channeled into pits initially formed hy the melting of ground-ice 
masses. 
If care is not exercised in salecting nrens to be cleared for cultivation, 

thawing of rnny necmsitato thnt fields be abandoned or 
reduced to pasture n few yenrs nfter clearing. Themokamt mom& 
and pits can be combatted rind fields contnining them can be ststill used, 
if repeatedly graded, but li~tie, money, ~ n d  mil are wasted, in tho 
struggle. 

Fairbanks is one of the Alasknn agriculturnl areas .sriousIy affected 
by t he  presence of permafrost, and the effects of permafrost on f am-  
ing: artre well illustrated them. Several lields in the Fairbanks area 
have hen  abancloned or reduced to pnsture, k n u a e   the^ were under- 
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lain by frozen groancl c o l ~ ~ n i n i ~ ~ p  l f i ~ g ~ ,  ice rnnmes. T b w  dilrtcul ties 
could llnre been anticipitted nnrZ the ru~rlegirnI)le nrens avoided by 
setklcrs, hnd n proper ~ u t ~ l p y  of f h ~  ~ W I ' I I I R ~ ~ O S ~  chnmctcristics of 
various districts in the Fait+bnnks nrpn been avnilnble. 

This report descril~es the clestruutive effect of permafrost on culti- 
~-t,ecl fields and t l~l incnt~?; ~ I I P  parts of the Fairbnnks nrcn which 
are Ieast suitable for ngriciilture Iwcnuse of the r11nmcter of the under- 
lying pe~*lnnfrost. (111. 9). St d i e s  by the r~utl~or inclicnts that ngri- 
culture will IE afFectec1 by sirnilnr per~naf rowt candit,ions througl~out 
areas on the north side of the Tnnann Valley within 100 mjlcs of 
Fairbanks fig. 69). 

PREVIOUS INVESTICATXONSI 

Intensi~e studies of frozen graand have been conducted jn Russin 
since 1900, and the results llare been applied profitably to ngricult~irc, 



especially in Siberia {Sikiforoff, 1928, p. 73-74 ; Craey,  1939, p, 488 ; 
m d  Tsiplenkin, 1W). 

In Nortl~ America, however, little attention has been given to the 
problems of apiculture i11 arens underlain by permafrost. Early 
homestenders nnd the personnel of agricultural experiment stations 

, jn northern region9 learned by trial and error the effects of permn- 
frost on cultivated fields, but no systematic studies were made before 
1945. 

Rockie (1942, p. 128) pojnted out that melting of ground-ice caused 
"pitting" in Alnsknn farmlands, and that, . . pitting of his land 
would barkupt nny owner whose Iivelihood depended to an im- 
portant degree on ret,uurns from that land.'? KeIlogg and Nygard 
(1949, p. 7&78, 1951, p. 26-29) discuss the effects of permafmst and 
poirit out the need of ". . . principles to serve as reliable gnideq for 
avoiding arens subject to caving and settling after clearing for crops." 

The author began systematic studies of permafro& in cultivated 
fields in the Fairbanks aren in 1047 (Phm-6, 1194S'b; 1950b). Later, 
monnnissnnce studies of permafrost in n potentinl agricultural area 
mere contiucted ntA Dunbnr, 35 miles west of  Fairllanh by Pem4, 
(1949) and by E. TV. hlarsllall in 1943.0 (report on file, U. S. Geol. Sur- 
vey, Washington, 13. C.) nnd along the Cllena River, 15 miles ead of 
Fairbanks, by P&w& ntld J. R. Willinms in 1950 (reports in the files 
of the U. S. Geological Survey). 
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SETTLEMENT AND AQRICULTURE IN TRE 
FAIRBANKS AREA 

The Fairbnnks area is in ce~ltrnl Alaska, about 100 miles south of 
the Arctic Circle ( f ig .  69). Fairbanks, including the metropolitan 
area, having a population of 19,409 (1950), is the Isrgest city in the 
interior of Alaska ~ n c l  the second largest in t,he Territory. 

Felix Pedro discovered gold in 1902 a b u t  12 miles north of a 
trading station nnmed F'airl)rnlks and, n-ithin n few years, the area 
became one of the pbentest gold-producing regions in AIaslra. Fair- 
banks today is the prjncipnl tmde center of interior Alaska; the 
city is strategically locxterl n l  the i~ortlieril terminus of the AIaska 
and the Richardson I-Tighwtkys, and the dlnskx Haj11-oxd, and is one of 
the main hubs for air tra-reI. Importn~~t military centers are located 
in the vicinity, nnd the University of A l a s k ~  is 3 miles to the west. 

Fairbankq is in t h ~  T:t~ imn Valley, the lxrgest nrsn of potential 
agricultural land in Alaska (Gasser, 1948b, p. 80). Homesteads were 
first taken up and land cleared in the area in 1904. As ngicultuml 

. activity increased, n, U. S. Department of Agriculture experiment 
station was establjshsrl in 11b08, 4 niiles wesf, of the city. The station 
is now the oldest one still ope~atjng in tha Territory. 

Today the Fairbanks firen (Tanmla V~1le-y) is second only t o  the 
Matanuska Valley in vnlue of crops produced (tablc 1 ) .  Potatoes and 
garden vegeti~blns a re  the principnl casl~ crops; oats, barley, and 
spring wllent are the main cerenl crops. Tl~ere are two commercial 
rlziries, and a few fnrrners rsise hfigs. Some poultry is mised, and 
poultry grains can be grown locally. 

[From "AInska Market Newu", Alaska Dept, of  Agrfculture, v. 1, no. 8, p. 1 ( l A S I ) ]  

Mntannska Valley $1,271.803 Kenai P~ninaula --------,- --* $613,600 
Tnnnnn YRIIey --------------- 495. R3O I Southenstern Atralia -----.--.. 348,200 

Farming activities in the Fairbanks area nre handicapped by tho 
development of mounds R I I ~  pits in fields underlain by l ~ r g e  ice 
masses, by only moderntely fartile soil which must be fertilized r e p -  
larly (Gasser, 1946, p. 4, 9) , by periods of low rainfall during the 
spring season in mnny years, and by the short growing season. Never- 
theless, new farm l a ~ d  continues to be cleared every year. In 1948 
Gasser estimated that 2,400 acres were under cultivntion (1948a, 
p, 14). Abut  1,000 acres, eompsisir~g about 40 percent of the totnl 
cleared acreage, were cIeared between May 1945 and September 1948. 

280861-64-2 
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Homesteading is still ~ct ive  (Miller, 1951, p. 247) but nearly all 
land within 10 miles of Fnirbnnks hns h e n  claimed. Since the end 
of World Wnr IT, them hns been much land cleared on the Tanana- 
Chena River flood phin nnd in the hills at the hendmxters of Steela 
and Columbia Creeks (pl. 9). Bccnnse most of the desirable land 
near Fairbanks has heen prwmpt~rl, however, many newcomers are 
clearing land in areas where pe~mnfrost conditions can be expected 
to cause serious problems. Thtts, with the continned development 
of agriculture in the Fnirbnnlrs nren, there is increased need for the 
evaluation of agricultural lnnd nntl the recognition of nreas that 
should be avoided. 

A U. S. Weather Bureau stntion w ~ s  estnblished nt the U. S. De- 
partment of Agriculture experiment stntion in 1904, nrld i t s  records 
represent climatic conditions on tbc sonth-f acing permnf rtlst-free 
slopes. Since 1929, when the nTenther Bzrrenu fitation R ~ A S  moved to 
Fairbanks, the records represent conditions on the Tannnn-Cllena 
River flood plain. 

The Fairbanlrs area has a continentnl clirnrtlte, characterized by m 
extreme range between summer and winter temperatures (fig. TO).  
The absolute minimu~m mmrded temperature is -GB F.; the absolute 
maximum is 09 F. The mean annunl number of days lvjth freezing 
temperatures i s  933, and freezing temperatures have bcen reported 
during every month except Jnly IF. S. Wenther Bureau, 1943). 

Interior Alaska lms the warm& summers in the Territory, a fact 
of major importance to q r j c n l t u r e .  The menn summer t~mperature 
(Jnne, July, xnd August) is 55.8 F. at Fairbnnks. The averago lengkh 
of the growing seasan on the flood plain is 97 dnys ; the longest recorded 
is 137 dnys and the shortest 29 days. Tha mean date of the lnst killing 
frost, in the spring is May 22; Angnst 31 is the mean date of the first 
killing frost in the autumn. The growing senson is about 2 weeks 
longer on south-facing hill dopes, ranging in duration from 105 days 
for tender plants to 123 days for fielrl crops (Sundborg, 1944, p. 18). 

Interior Alasl~n has more hours of possible summer sunshine than 
any o t h ~ r  agricultuml awn in the Territory. The long d+~ys during 
June and July shorten the period required for the mnturing of the 
crops and increase the s iw of individunl plants by speeding tho process 
of photosynthesis (Gnsser, 1948a, p. 2). More than half of thc summer 
days are cloudy, however, so that the Ileum of achual sunshine are much 
fenler than hours of possible sunshine. 

The mean ~ n n u a l  precipitation is 11.7 inches. Tkl~nderstorms m e  
frequent during the summer, h t  most of the precipitation during the 
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Frsua~  ?O.-C!frnatlc data for Fairbanks, Almkn. 
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growing season falls in light showers. Sixty-three percent af the 
annual precipitation is concentrated in the period May through 
Sevtember. 

Evnporation rates probnbly are reIntiveIy high in the F n i r b ~ ~ h  
area during summer, but no quantitative data nre available. Tesh 
at Sormttn Wells in northwestern C a n d ~  reven1 that summer evapo- 
transpiration rntes are high (Sanderson, 1950). Norman Wells, at, the 
same latitude as Fairbanks, has a similar summer climate. 

Fairbanks lies on the north side of the bmnd Tanana River valley 
at  the base of hills comprising part of the Yukon-Tannnrr. Upland. 
The southern half of the arert discussed in this report lies within the 
Tanana River flood plain at  an altitude of 400 feet (p1. 91, and the 
rest lies within the Upland 

The flood plain, an area of nearly flat topography extending along 
the Tanana and Chena Riven, Is underIain by aIternating lenses and 
beds of silt, sand, and gravel w11ich have a total thickness of several 
hundred feet. 

The Uplnald consists of muncled, even-crested p u p s  of hills with 
summits 1,250 to 1,800.feeE above sea level. h l  relief ranges from 
60 to 700 feet. The bedrock consists chiefly of schist but includes local 
masses af bnsalt, and qunrte diorite. Imss, mind-blown silt, (PhB 
19521, ranging in thickness from a few feet on summits to mom than 
100 feet on middle slopes, blankets the ridges 1P8w4, 1950a). The 
valleys fire filled with 10 to 100 feet of gravel overlain by 10 to 300 
feet of colluvial silt. 
The Fairbnnks area hna not been plnciated, but glnciers from the 

Alaska Rnnge on the sot~th probably nppronched to within 50 miles 
(Capm 1932, pl. 1 ; PEwE, 19521~). During glmial advances a total of 
severnI hl~nclred feet of s ~ n d  nnd gravel WM dqposited in the Tmana 
Valley by tIla heavily loadd  ~ n n n n n  River. Aggrndation of the trunk 
mI1q raised base level and cnused clear-water tributaries from the 
nnglaciatd nplnnd t;o the north to qgrnde their lower valleys. More 
than 300 feet of sediment was deposited in crwk valleys of the Upland 
in the Fairb~nks area. 

A transitional area of pntly slopirig alluvial fans of silt ~ p a m t e s  
the hills from the Chena-T~nana Rirer flood plnin. Jn stmnm vallewp 
farther from the Tanana flood plain the trnnsported silt forrns 
colluvial deposits on the lower park of slopes; the colluvjnl deposits 
from opposite slopes coalesce in the narrow valley bottoms. 

Despite the mall rainfall, the Fairbanks area hns nbuundnt lakt~, 
swamps, and marshes. Except on hill Oops, steep slopes, and cultivated 
land the ground is wet a h s t  e~erpwhere during early and middle 



summer find sometimes throughout the ntmmer. Drainage is poor 
because underlying perenninlly frown gror~nd prevents downward 
percolation of mntar, A lusnrinnt spongy mat of low vegetation, 
mosses with s e d p  or small shrubs, restricts surface-wrtter movement 
nnd zcts as a ~ Y ~ S R X T O ~ T .  Stzrnrner t h a ~ i n g  of the frozen ground r e l e ~ m  
ndditianal water. 

PKRMAFRORT 

Several tern dealing with permnfrost m,tF be ullfarnilinr to some 
rendem. nnd others have not b c ~ n  cl~nrly definpcl in previous papers. 
The writer's usage of tliesc ter~ne is given below. 

"Perrn~froRt" as originally dcfincll by 3f11ller (1945, p. 8) is 

:I tlrickne~vr of sol1 or other surtlrll~l {lelionlt or ccen ut bedrock, nt a varinhle 
~ lept l~  benrath t h ~  surface of thr* rlirfh I ir  ~vltich n temperature below frrwing 
h m  exlal id rotltinnnn#ly for l o n ~  tinme (from two to tens of thousands of ye~rk!). 

A widely used Tnonyrn is ''per~~tnially f mzen ground" (Taber, 1943). 
"Permafrost trble7' is the upper limit of permafrost. 
''Active lnyer" is the lager of kwol~nrl nbure petmnfrost which thaws 

in summer ~ n r l  ~ ~ P P Z W  ngxin i n  tcintcr. The nctive layer m q  extend 
d o n  tn t.lle prrnafrmt tahle. 

'Talik75s unfr07~11 p o ~ ~ n d  b ~ t ~ ~ w n  the active lnyer and the perma- 
frost; it also applies to unfrozen p o u n d  within or benenth permafrost 
I Muller, 1945, p. 223). 

"Ground-ice" consists of ~ E X E I L ~  or M i e s  of more or less clear ice in 
perrnnfmst. 'l'he te1-m prnrnlly is not applied t o  ice of glacial origin. 

V"lygona1 ground" is ground with a polygonal surfnce pattern 
caused by the subsidence of the surface over ground-ice that is ar- 
ranged in a polygonal network. Also called "tundm polygons" or 
"Tairn_av polygons. Sot  to be confusr,d wit11 polygonal sslrrf~ce mark- 
i n s  of small scnle produced by irost Ilenvjng (Black, 1952). 

"Cave-in I~ke ' '  is a lake formed in a collnpso depression formed by 
the thawing of frozen ground that contains ground-ice (Mullar, 1945, 
p. 214). The Iako is enlarged by thawing and subsequent caving of 
the banks (fig. 71) (Wallnce, 1348) : Synonymous with "thaw lake'' 
(Hopkins, 1919, p. 124). 

"Beaded drainagx" is the chnracteristic pattern of small streams in 
areas underlain by polygonal gmund-ice. Tlla stream paths are a n p -  
Inr due te pertial control by rlcpressions associated with the polymnal 
distribution of ground-ice. Small cave-in lrtkes occur at  intervals 
along the stream gegenernlly nt  the junctions of ice wedges. The lakes, 
when connect& by the stream, resemble beads on a string, 

"Thermokarst topograp11y"ijs an irregular land surft~ca containing 
depressions and caverns formed by melting of ground-ice. It resem- 
bles the uneven "kamt'' topopplig formed by the mlution of lime- 





of permafrost pmgressirely rlecreases, and ~ionflmz~n nreas are more 
and more abundant. Penilnd'rost conditions nt Fnirbnnks are prob- 
ably typical of this zone. In  the nport~dic zone to the south perenilidly 
frozen gmuncl is confined to locnl arms. 

PERMAFROST IX THE PBTXtB&NES AREA 

13errnnfrast tnny be encounte~~tl  11e;lrly ev~ryn-here in the Fairbanks 
nren except Isen~nt 11 llilltops ailrl motlrr:lt e to steep south-fncing slopes 
(fig. 711). The T;lnnna Rirer flood plziiii is untlprlain by zones of 
perenniall~ f M)W?EI gm111111 il~tei~l)ersed :131d iilt~rstrntified wit11 zonev 
in which the swlime~lts nl-P unfrozen. L ~ r g c  it-p. a ~ : l ~ w s  are Iltcking. 
The gently sloping a1 111vinl f n n s  mlrl collurinl s lop~s whichestend fro111 
the upland to the ifor,rI plniri are rrt~<lerlnilt 1 1 ~  i w ~ t i t ~ ~ r o u s  permafrost 

' q*s. contairlirlg abuntl~un t P~I-gt* prou~~rl-ice ma.. 

,Serlime~~ts of the flooil pl:lin nlr  perenninllg frozen t,o dept.1-t~ of at 
Icngt 966 feet but 3iot ~ v e r p ~ h e r e  i s  prmafros t  cncomiteretl in n single 
lnyer. The tllickness of tllc fl.o;r.r~i Inyer v ~ ~ r i e s  widely nnd in m.thny 
llrpns l~crmnfrrlst is lacking (fig. $3). 'I'Ii:~\~--erl arPas occul* henenth 
existing or rerently nbnr~rlr~~irtl rirer c l ~ n u ~ i ~ l s ,  slo~lpl~s. or. Falr~s. Else- 
where Jnycrs of f~vnzen sailtl unrl silt nrc i1~1~rcnl:rterl with UII  fru~zeil 
layers of gravel. T l ip  gr:trel laycru are cn~n~urn~ly lenslilic so tlmt 110 

single unfr-oxell Inyt>r nf hroa tl l : ~ t ~ l - n l  c?rtt.nf exists. The rtnfroz~n 
nreirs are connectcrl wit11 t11p I ~ ~ ~ I ' C Z P I I  It~ycr ta comprise I ~ I Y ~ I I I R T  1111- 

frozen passages tlirongl~ont the prmafmst of the flood plain, 
The clepth to pPrnle Trod in nndisturbcrl arcns n 1 1 g ~ s  from 2 or 3 

feet in the older parts of the flootl p l a i ~  to mom thtlrl 4 feet on the 
inside of meander nrrrcs nrnr  the rivers, r l s  the river meander ad- 
vances, prmnflwt  forms irl !he new deposits on the dip-off side 
4 ,  4 Fires, clen ri llgs, and construction since 1903 Iiare in- 
csensed the depth to permafrust to 25 to .I0 feet in nlnnp places. 

Ice in. the perenninlly f ~ Z P I I  wrliments of the flootl plaill collsists 
of granul~s nnd cern~llt I I P ~ I I - Q P ~  mineral grains. Lar* ice lnnsseq 
common bcnenth the collurial slolws, are lacking in the Aoorl plain. 
This condition mn y be ~ I I P  ill pnrt to the coarseness of the flood plain 
sediments, ~vhich are less farnrnbl~ for  ~ r o w t h  of large ice, masss 
than is the WPI I -RO~~P~ silt of the S I O ~ W  nlicl creek ~aIIey bottoms. 

PERMAFROST OF THE SILT FANS, CDT&VVIAL SLOPES, AND 
SILT LOWLAND 

Permafrost in till: nlluvial fans, coll~winl slops, and silt lowlnnd 
probably extends continnol~sly from the flood plain to the hills. The 

'Well drftled In 1953 at  Clrrl~ "Il", nt  miIe 11 on the Rlchnrdron Rlghway, 3 miler 
oubide o f  mapped area h l .  9). 





EFFECT OF PERMAFROST ON CULTI17ATED FIELDS 327 

apices of the broad, gent1 y sloping, coalescent ~lIuviaI f nns extend 
\re11 into the upland ~alleys, in some places almost reaching the cresk 
of the hills. Low-angl:1~ collurial slopes form silt Rprons around the 
hills, betmeen the alluvial funs. In ndditioil to t h e  silt and dopes 
there is a m a l l  silt lodsncl, underlnjn with contini~ous permafrost, 
~ h i c h  extends from the toe of the fans to the flood plain and lies just 
north of Ester Raad ( pl. 9 ) . 

Perennially frozen g~'ound in the silt fmis and slopes rercRclies a 
thichess of at  least 173 feet near the flood plnin but decrewes toward 
the hills, pinching out at the b ~ s e  of steep south-fncirig slopes but 
extending nearly to  the summit of north-facing slopes. The perma- 
frost may consist of R few isol~ted, srnnll bodies where it becomes 
very thin near tha contact with permafrost-free slopes. 

Permafrost lies at n depth rnnging from 3 to 4 feet on the lower 
slopes and in creek valley bottoms nnd ~t n depth ranging from 5 
to 20 feet near the contact with the permnfrost-free slopes. Depth 
to permafrost is 1 to 3 feet in the silt lowlnnd north of Ester Rond. 

Permafrost in the fnns, slopest nnnrl lowlnrid is characterized hy 
lwge mtlsses of clear ice occtirring RS 1lorim11,ntnl sl~eets, vertical dleets, 
wedges, and saucer-shaped and iri-egulnr ~ilasses (fg. 73). TIle ice 
masw mnge from less thnu 1 foot ttl lnore tlinil 16 feet in thickness 
and from 1 to 50 feet in length. Thc ice in some rnnwes is clear but 
other masses contain nlany silt pnrticles tlixt give the ice a g a y  
color. M~icli of the ice is  nrmngcd in n pc~Jy~wi~al or honeycomblike 
~ietwork that enclaws silk polpguns 10 t o  4d feet in diameter. The 
ice m s s m  lie nt depths of .5 to 25 feet in the fans and colluvial slopes 
and 1% t o  5 feet in the silt lowlnnd. L~rge  m a w s  of ground-ice 
art! not unique to the Fairbnnks area anrl IIRVF! bee11 reported from 
other localities in Alxskit (liotxebue, 18.21, I-. 1 ; Leflingwell, 1919 ; 
Taber, 1943; P&w&, 1949: Black, 1951). 

BOUMDARWS BETW-N AREA& WITU AND IVITROUT PERMAFROST 

The boundmy between permafrost and permafrost-free areas is 
determined by plotting ground tempemturn measurements, well log 
data, the d i ~ t r i b ~ ~ t i o ~ ~  of thermok~rst fentnres in cleared fields, and 
changes in plant col+er. The most accurate criteria for determining 
this bo~mdnry nre temperature measl~rements mid mall data, which 
can reliably indicate the proseace of perm~frost even though it mfiy 
underlie a thawed layer 20 or 25 feet thick Less reliable indi- 
cators far determining the boundary  re thermokamt features and 
vegetation. 

Ground temperatures have been measured in onIy three wells, in 
sections 13, 20, and 36 (R. 1 W., T. 1 N.). The well in section 13 is 
in unfrozen ground. Temperatures below 32 F. have been recorded 
for periods of two or more years in the wells in sections 30 and 36 





thereby establishing the presence of perme frost. Permafrost geii- 
erally can he recognized in drilled or dug wells without making 
temperature measl~renents. Driller's records of wells along t,he 
Farmers Loop road permit delinention of the pe~mxfrost borrnd~ry in 
t h ~ t  area. 

Thermokarst mounds or pits in clearer1 fields help to define the 
boundary. Absence of thermokarst phenome~~lu does not necessa~ily 
mean the absence of perrnnf rost, hol~ever ; permafrost witl~out ice 
n inws  may be present or permxfrost wit11 Ice lnnsses may lie below 
the depth of seasonnl tlinn-ing. 
h well-definer1 boundary bet\\-een tmo regetation t,ypes generally 

lies near the boundary betrreell sIopes underlain by permafrost and 
slopes that are perrnnfrost-free. A scrubby 1%-nods of stunkd black 
spruce (I'icea mmrzhn a,), mi th knee-high sllrubs of dwarf birch (Refula 
n m a )  , Labrador tea ( L ~ d w n  deeuntbrms) , and blueberry (Vaeciniu.m 
zl7ig;jnomn), arid x thick moist carpet of crxnberry (1Taceiniv.m 2"L'tb- 
idaea) , cottongrass (ErioplJlomm sp.) , and tnuch pent-moss (8pha.g- 
mum s ~ P . )  and caribou-moss lichen ((Oladmtiu spp.) grows on gentle 
slopes having poor drainnge %-here permnfrost gelzerally lies a t  a depth 
of 2 to 4 feet. Willows (Sdix spp.) ni~d nlders (AZnnc8 spp.) are 
fonnd in faintly de~eloped water courses. 

Wlli te spruce (Pz'c~n glauen) , bird1 (Bettt70 papym:fpra), quaking 
aspen (YoTfults fremddidcs)  , ancl alder f A7nw sp.) are found on 
slightly steeper slopes having better rlrainrtge where permafrost is 
1rlc:king or lies irt n depth of more thnn 4 feet, The boundary between 
the black sprtlce wrub forcst and the white sprace-birch-aspnil forcst 
js distinct wmd is readily recognized (fig- 7%). Generally, perma- 
frost, with Qr without ice rnnsses, extellds R short distanre upslope 
past the line rnnrking the border between these two vegetation types. 

The boundary between the permafrost and tho permafrost-free 
areas is nt a higher altittlde on north-facing slopes, ~ h i c h  receive less 
solar heat than the south-fncing slopes. P~r~nafrnst  locally reaches 
to the summit of lorn-angle north-facing hiI1dopes. Generally, how- 
ever, the contact, is near R break in slope srrch RS the contact between 
erosionrtl ancl depositional slopes; where the steeper angle of tlre hill- 
side gives mny to a more gentle slope, drainage becomes sluggish and 
the water-saturated ground is frozen. 

The thawing of permafrost creates thermokarst topography 
(Sumgin, 1940, Chapter 10; Lj~irerovskg. and Morozw, 1941, p. 56), an 
uneven surfwe which contains mounds, sink holes, trlnnels, caverns, 
and short ravines caused by melting of ground-ice. Thawing nlny 
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and are valuable for interpretation of the geologic history ( P 6 ~ 6 ,  
1952b). 

The development of tllern~okarst features is i d u e ~ ~ c e d  by several 
factors in addition to the removal of the vegetation. Large masses 
af gsouncl-ice nlust lie ileal- the surface; thermoknr.rst features seldom 
form where ground-ice consists only of an ice cement between paitins 
of sediment. Cavities and caverns are more rendily preserved i i ~  
thick deposits of t l m ~ ~ e d  silt or clny tllnil in well-sorted, thnwed gravel. 
Loess, especially, is capable of standing in steep bnllks nnci perl~aps is 
the 11,est sediment for the clerelopment of extensive tbernlokarst 
topogrxpliy. 

On gentle slopes, pound witer circulntion aids in the f errnnti on of 
cnverlls and pits by thnlr-i~~g ice nlwsses and br enlarging the resulting 
cavities by elmasion. Snrfnce water has two effective roles : on slopes 
it is diverted underground m-here it contributes t o  thawing and subter- 
ranean erosio~~, rind oil horizoi~t:~l surfaces, j t  forms l~kes in the de- 
pressions, the borders of ~~-Iiicll care cnllstantly and retreat under the 
i l ~ n ~ t - i ~ ~ g  effects of wnter nllil waves. 

Thermokarst plle~~ome~lx in the Fail-bnnkq area are foll~ld only in 
the; alluvial fi~ns, collurinl slopes, x11d lo\~-lands ~lrlrlerlain by silt (pl. 
9) becnuse only here cloes the pnnafrost c011tni11 large pound-im 
seg~vgntions. Cave-in l n l t c i ~  are tlw most consI~icnous thermokarst 
feutmm in the silt lon.l:bnd north of Ester road, and tl~errnokard 
mouncls  nil pits nre f l ip  ~ I I P ( ~ C ) I H ~ ? I I I H ~  forms ~ ~ r o t l t ~ ~ ~ i l  r m  the silt fans 
~ n d  callnrinl slopes. 

Themoknrst mounds j n  the Fnirb~nks are% nre polpgonnl or circu- 
lar llummocks 10 to 60 feet in dinlnckr (fig. 75) 1 to 8 feet in E~eiglit 
( fig. 7ti). nnri nre con~posecl of loess. They are commo~rest in culti- 
vat~rl ficlds brlt 11 f p w  arc found in abnlrcloned fields now reforested. 
J n  same fielrls the mo!~~~c l s  nrp wpnmted by trenches 1 to 5 feet wide, 
but in others the trencrhm nre pnorlp tler~loprl nnd the mounds %re 
not comptctcly wpnmtcd one ftwm anotlrer (fig. 77). 

The trenches nre forrnwl b~ tho melting of a network of ice mnsses 
in the ground (PEITB, 1048n, I>, 295) leaving mounds in the intemening 
aivas. The p u n d  surfnce sinks as ice nenr the snrfrlm me1 ts. Locnl .  
disconnec~ depressions appnr nt  f rst; sarfnce wnter collects in the 
depressions nnd probbly s~>c~tls thawing. S~irface water also may 
enter cavities left by melting ice nn(1 enlarge them. Eventually, if 
the underlying ice is distributed in II polygonnl p~ttern, p u n d  in lthe 
center of the polygon is left stnnding in relief. TIIP silt, in the mouncls 
is not deformed, indicating tllnt the mounds do not o~iginntc b)~  frost 
heaving. 
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THERMOKARST PITS 
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o f  1 i i  iiiriic.a(c. ;III i i ~ t r l - ~ ~ i t t ~ n t  ~ ! i l r t e r c n n ~ n r ~  strcnnl 
(fig. 8"). 

,\I1 of tllp ~ T I T I I I - T I  i I ~ ~ l . ~ ~ \ o k : l l * ~ t  pit': i ~ t  ~ I I P  E'itil.l):lllk~ :IPP:I i l l 1948 
w-\.rrnt? i n  cultirntetl o r  ~~~~~~~~~I>- r!l~lfir:jlrtl iieItFq IIP:II* t t w  honiirlnry 
l i ~ t r v e n ~  peril~nf m+t-f rcc slrllw-: ; i t ~ c I  s1n l . 1~~  11u(lerlni11 hy I n r p  i c ~  
liinsses. The disti.il111tio11 ~af p r m i n f ~ o s t  in  t l t i i~  isol:itt*rl rllriwes m~r l  
tlie 1011- w a t ~ r  tnhlr, I.*> trl 11)tI 1cr.t h ~ l o n  t lw s~irf:icc. i ~ i  t l ~ i s  zorw 
t i  I : : l l  1 1 l i e  t 1 1 )  t \\'ntec from 
n l ~ l t j ~ ~ g  ice Illa.sw; :\11tl ~i i~ .T :~vr  ~ v : ~ t r y  frlrl~~elrrl ~ l n ~ v ~ l  i'rn11-t :~I~r,ve call 
t.il-c.t~ln tt. I r ~ r l y  t 111.011~1 I t l ~ r  1 r i l ~ > l l ~ P ~ \ - i t ~ ~  :I- i t  III'OFl'P55t": 1lr)wi1 f o 
the  rr-ntt.1. tnljlc.. Thr, rr;itr17 t:~ljlr  is nch:lwr 111r ~ i r i . f : ~ c ~  ;lt l t ) w  ~1e-r-$1- 
ti0115 011 ~ I I P  $\O[IPS : 4 1 i 4 1  i l l  ~ \ I P  silt \ O I T ~ : I ~ I ~  ~~r j i - t l i  of Tht~r r(m(1. aticl 
c.crns~cl~rrntly t l ~ v  r n ~ l t i l ~ g  r r f  ice m:tGses i l l  t l ~ r ~ c  :al.eny rreittes cxr-?-irk 
Inkrs (, lig. 71 } i n ~ t ~ : t c l .  of 11its. 

I'jt,~ ~ppeitr ~ r i t h i n  :< to : 3 4 )  p n r s  :tffrr c Iex~* i~ lg  of tlw fields ( t a b I ~  
2) ). Most nl~c~ning:: fi r ~ t  tll)llolr m i t l ~ i i ~  8 fn 1 0  ~PRI'F: ~ f t ~ t -  clenrine. 
Cxvit i~s p~*ohilAly f01.m within 3 gritrs nftct. c l~ar ing ,  lnrt ma?? not 
opPn t n  the surf ncr i l t~til  intllky yea]-s Jnt er. 
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broad lineor s-ivales 3 to 4 feet deep marking former meander paths o f  
sloughs; these do not interfere seriously wit11 cultivation. 

~ $ h o l o ~ ~ . - S e d h e n t s  of the flood pinin consist of silt, sand, and 
p v e l  deposited by shifting streams and mcur, tller~fore, ns lenses 
rather thnn as beds of broad latern! extent. Micnccous ~ancly silt 
t~nderlies the surface to a depth of 1 to 15 feet, R I I ~  n sandy gravel 
Irtj'er of v~rinble thickness underlies the silt. Alternating len*s or 
beds of silt, organic silt, sand, and gravel ext~nd to n depth of at 
least 36.4 feet.' Sandy loam, silt loam, ancl fine sand nre t,lm main 
eoil t y p s  recognized on the flood pItlin (Gasser, 1916, p. 4 ) .  

T~egetation,-Cottonwd, white: spruce, birch, and tall wilIo~vs 
grow where depth to permafrost is 4 feet or more. Stunted black 
spmm nnd Inrch grow in parts where depth to permafrost; is less- 
than 4 feet. Most of the wet arms are treeless, but aupport n sl~rub 
growth o f  alder, dwarf birch, Lfibsador tea, blueborrg, cranberry, 
and n thick moss and lichen cover. Horsetail (Episdtum) is com- 
mon througl~ont the flood plain. hZuc11 of tile original vegetmtion hns 
Xloerl destroyed in the Inst 45 years by fires and clearing and only a 
fern old dense stands of white spruce and birch remain. 

~T~fiitabih't?y for agricuZtu.~e,-30 of the land along the roads lend- 
ing ont on the flood plnin from Fairbanks has been clilimed for home- 
stending, nnd by 1048 about SO0 wws Ezncl been cleared (pl. 9). Farm- 
ers report that rli~ring tlm first or second yew of cultivation, before 
the p.rmafrwt level has receded much, the moistnre content of the 
wiI is higher than in the succeeding years. The additional moistrrre 
is  \-aIunble becnnse of the low rninfall in the Fairbanks awn. Per- 
haps in those meas of Alaska where the depth to permafrost sfkr 
rlearil~g the susfnce is not as great as in the Fairbanks area, the melt- 
ing of frozen ground w-ould supply extm moisture, for marly years 
(Benninghoff, 1952, p. 43). This fact h ~ s  been reparted by farmers 
in Siberin (Kiltifmoff, 19.28, p. 73). However, no fncts support tho 
startling sbtnnent by ilarnodt and Savage (1949, p. 104) that "melt- 
ing grouncl ice often provides rnnning water for livestock and power 
development'? in the interior of Alaska. 

Drainngo is poor in most areas of the flood plain that have not 
been clearecl, Afkr the: insulating vegetation cover has been stripped 
away, P I O W ~ V P , ~ ,  the permafrost tnble is lowered, nnci in most places 
drainage is ilnpravetl so much that farm crops can be raised success- 
fully. In the stFmrner, mil temperatures in flood pIajll areas under- 
lain by permafrost nre well above freezing after clearing. The chill- 
ing eflect of permafrost, which retards germination of field crop, is 
I s rp ly  eliminated rtftcr lowering of the ~wrmafrost table. 

Ground-jce masses are tthsent, and cultivated fields do not become 

Well "B" nt U. 8. Bmeltln~, RrRnIng, ma Yinhg Co., Fnubsnb, A t a a  1827. 



pitted or bumpy as do some fields on the silt alluvial f am and coll~lvial 
slopes. 
In many pIaces on the f l w d  plain, permafrost is lower than the; water 

table and water is nvailnble in ~1121110\~ wells. IPnter in larger quan- 
tities is avnilnhls from wells pnetrntinp grr\velly beds below ths 
~ ~ r m n f r o s t  ~t rlrptlls of 50 to 200 fret nr Prren n t  shallower depth6 
wlrere permafrost is absent (PdwG, l94Rc, p. 9). 

In mrnmnry, pe~.mafl-r,st ::~fTcct,s soil ~lraint~ge nnrl temperature (fur- 
jnp th.e first felt. yea1.s ilfter t h ~  vlrrwing of c~~ltiratetl fields in the 
flnod l~lnlri  of the Fnirbaitks tlrrtl, bnt this effect won clisappearx. 
Bwnntie large pdnd-ice m21sn~9 RI-r lackir~g, no mlclasirnhlc micro- 
tapogrnphy is formed I)!* t l ~ n w i t ~ q  of froze11 grounci in the Rnod plain. 

ALLUVIAL FANS, COLLUvlhL SLOPES Awxl TnE 
BILT LOWLAND 

Il~~m-iptiuw.--Gtrl~tly slopillg all ur ial fans :~nrl collnvinl slopes ex- 
tend from tllc flootl pltlin t d ~  b h ~  11ilIs ~ 1 1 t t  islcwns~ i t ~  111titwde from 
480 feet at  the toe to 800 fcct in the rrwk  alley l~ends (pl. 9 ) .  A 
eiIt Iowlanti scpnrnt~s the tors of the- f:nw flmom the flood plain, just 
north of Ester marl nt nn nltitude of xljcmt 450  feet (pl.  9). 

Fans and  slop^ cover 45 square rnil~s nncl mag be recognizt!iI bp 
the fallowing cPt:~r~rteristics : ( 1 )  gentle slopcs of 1h" to So, (2) ab- 
sence of cresce~ltic st-roll-like slouglis of floor! l ~ l n i n  stream markings, 
(a) prcwnce of ~morly ~Ierelol~~rl ~)olygri.ounl ground, cave-in lakes, 
nild bended drainnge, lllntl (-4) v c p t  ntion cluvncterized on tlre lower 
parts of the f n n ~  by blnck sprncP. so~llc! dwarf birch, willow, nldars, 
Labrador tea, bluel~rrg., rrt~~ll,rl.y, rllttl n ~ n n t  of mosses and lichuns. 
Near the contact rritll the p~nnnflwst -free s l o p ,  the well-druincd 
ltpper parts of t110 fans I ~ I - e  much ~ ~ l r i t c  sprrfcp and birch. 

The silt Ion-land is 4 miles in rlinlnrter and is charncterj7,ed by (I)  
little or no slop, (2) a b s ~ r ~ r ~  of crescentic slotlglls or flood plnin 
stream markings. (3) me1 I-dev~lopod polygonal grotlnd, cn ve-in Inkes 
(fig. 71), and h r l e r l  cllmniu~cpc (fig. R3), and (4 )  vegetntion charm- 
ierized by stunted blnrk sprarr, larch, willowt., ciwalrf birch, much 
Labrador tea, bluebcsry, n ttcl cranberry. Locally, the moss-lichen 
mat is 12 to 18 jr~clles thick. This silt lo~clnnrl is  ensily recognized 
on aerial photogrnphs (fig. 83). Thc well-developed polygonal 
ground pattern, cave-in lakes, and beniled drrljnnge of the lowland 
are features tllut enable om to detect tllc pretrence of permafrost by 
use of aerini photographs (Hopkjns anit Rnrlstrom, 1954). 

Topography.-The surface of the fnns and slopes is initially smooth, 
tlnd, beforo thawing of permafrost,, is topopphicalTy suited to ngi-  
culture. J3efore dearing the only relief in the silt lowland consists of 
lake-filled depresions and n polygot~nl pnttern of trenches 1 to 2 feet 
deep. 



LT,ithnlfi!~?~.-'I'l~~ UI>EWI' 1'" i n (  5 of (he f:nls ant1 rldluria 1 dnp~. ;  211-r 
cbr~rnpclstld nf lnrss :1nr1 I ' I ~ \ V C I T ~ P ~  loess ( P67~4. l!).it1:1) ~~t~d~l ' l in in  
tnurlc (rrr~.:~itir s i  I f ) .  'I'lln Fnmrr pasts of thr f ans  anrl ~ l t r p ~ q  snd f 1 1 ~  

s; l t lnwl:l~~rl nrr  rnn111t ~ s r r l  n€ mlrr,lc. Tlit., muck in t 1 1 ~  1nwl:ind st>:lches 
n thirknrw ni' nl, lrnst. 17.5 ftvt ant1 contnillfi mnny hyer-: and I P T I ~ P S  
of pent. Conrsr! m 1 ~ k  ~ m v r l  ~ ~ n ~ l ~ r l i e s  the Iowcr slopes ant1 tile e i l t  
lawlnncl nt  drplhs nf :rO t t l  $30 fwt. 

Tho soil 011 111r .  nppw J ) ~ I ~ ~ S  of f l i p  fi~nc: : ~ n t l  cu)lE~~rial :;Iop~s is  n 

subarctic brnwn J ( J I T ~ ~  soil : i l ~ i ~  grn{Ic~ irlt n h a l f - h ) ~  nnd hog soils at 
lower a1 titntlrs. 
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Suitability for agm'dture.-land underlnin by ground-ice near the 
surfnce is satisfactory for cultivation for only the first few years after 
clearing. The melting of ground-ice rntlsses find the subsequent for- 
mation of themokarst topography hns a serious effect on cultivahd 
fields on alluvial fans, mllnvial slopes, and silt lowland (Mimms, 
J'aschnl, and Fuhriman, 1950). Permafrost with large ground-ice 
masses underlies 27 percent (39 sqnnre miles) of the Fairbanks area, 
and fields located there may develop thermokarst pits and mounds. 
Mounds appear less dramatically and suddenly than pits, but they 
probnblg const.itute a more widely clistribukd ohtncle to cultivntion 
in this arm. 
In 1948, 32 of the 37 fields examined on the alluvial fans, collupiaP 

slopes, and silt lowland showed midonce of thermokrtrst action. Six 
of the 27 fields cleared prior ta 1945 (fields 24, 25,  26, 28, 29, and 31), 
have been abandoned for more than 20 years (see table 2). In fire 
others cultivation was attempted only on part of the original cleaml 
land. 

Nono of the 10 fields cleared between 1945 and 1948 has been aban- 
doned due to exc~qsire therrllok~rst development; however, mounds 
and pits had already begtill to form in many of them. Xo mounds 
or pits had form4 in the two fields clcard in 1948. 
In 1948 a h n t  406 mres of land was under ct~ltivntion on the alluvil~l 

fans and colluvial slopes, but no land was under cultivntion in the silt 
lowland. 
In mmmary, fnrmers who cmrsider cIearing land in this xmie of tho 

Fnirbanks aren slrould be n\t;are of the difficulty caused by meltsing 
pund-im and the prol)nbility of haring tm abandon fields and build- 
ings. Tsiplenkin ( 19U),  j n cl~wrj hing the influence of permafrost on 
ngriculture in Siberia, s t a t ~ s  that ground which contains thick rnms 
of icn is absolutely unfit for ngric~~l tttre. 

PER-ROST-FREE SLOPES 

DesmWption.-Hilltops and most well -drained south-facing sl opm 
in the Fairbanks area are pemnfrost-free. These permafrmtrfree 
areas are largely confined to the ilorthern part of the mapped area (pl. 
S ) ,  and extend from about 500 feet to 2,W feet ~ h v e  sea level. Per- 
mafrost also is lacking on the crests and steep s l o p  of three small bed- 
rock hills whicl~ protrude 50 to 100 fwt nhve the flood p l ~ n  4 tu 5 
miles east of Fairbank 

In addition to i t s  higher elevntion ~ n d  fortn, tlre permafrost-free 
area differs from the fans, colluvial s l o p ,  and f l d  plain in the fol- 
lowing respects : (I 1 it is well drained, (2) i t  has no lakes or streams, 
(3) it has st vsgetation mwr charnct~rix~d by dense stands of white 
sprutx+ birch, and aspen. Usually, aspen is predominant if the stand 



191bl1. do. .............. 

TABLE 2.-Fields emhiMf4nu thsr9)ro;h:arab phenomena h a  the Fob-banks w e a ,  Alao ka, t94@ 

1 . 3 ~ ~  pI. 9 /or locoticm o/fieMsl F 

- - - - . - -- 

a r a h  crop-. ............... 

Date of nppmrance or 
no. Field ma, lW3 

Moulldrr 1 plts 

......... Mostly nbeudoned 

Remarks 

Lower par1 ol flald rcducd 
to pwtwe: rrpper part IJI hn 

Abaodoned ............... I 
...-.do ...................... 

Afan ycsn ago. ...... Many gears ago-. ... 
.... db ................ 1 ....* 0 .............. I 

8 
11 

lea(?) ................ m(?) years ago.. .... 
1m.. ............. .... ...................... 

&Inn yeam ago.. ... Par~ l  g abnndoned .......... ... .lo.. .............. APnn~ned. .  ............. 

1910 ................ ... 
1910 

200) ycrrrs ago --.... Abandoned years ago ...... 
1930 ................. Cnltlvat eel................. 

Lower hall oI rhc Qoold llas depression h loet-doe~ lo 
po~ygom~ nrmagarnent. hrgo  ~ I L  in upper halP"i$k%?'%! 8 
(Bs. m. 

Moondv30ieot In diameter and 8Icet. hlplli. Plisbave lorrnJ; sbmourr, 3 
rulmmily nuorl ( 1 1 s  75,70,70,79). 

Wcl1-devcloped network ol mounds 3) leet In dlnrueter and 0 lwt hlgh 3 
IAP n r  a 

I s?o  ........................................... 
.............--............----......... 1936. 1948, 1949 .....- I 

,..". .... 
Many mounds 4 tu 6 lee1 blab now eorcmd wlLb trecs. 
m y  mounds 4 to a l e t  liigh, now eovcr~d with  act sprucaavm 

scNb. 

...................... & 
Partly aboadon orl .......... 

DO. 
Scpnml irregular dopmssions 1 lo 2 lcet deep on the !vest edgeof tbc Acld 
(DR. 79 . 

Thres pruyont. 0110 epcncd by tlnolor lalling tbrougb roof 01 
tbermnkarst cavern This It lo Lluwed RrOUnd ~IM enlarl(~d Eon- 
tloually sin& 3912 nnd k %! luet docp One trenrh S feet rlde. 20 
feel long nnd 6 fecc dm 

Mound& %3 b MI laoC In dknoslcr snd 2 (0 3 fcoL hi h (Gg. 79). 
Thls Oeld hasmore plk Ulannny othsrln Iho ~ a l  $auksaten. Two ILs 

ore reported to ham been3 loet Ln dlarnulerwhcn tbeyorlghace$ln 
1W. Thc openJags were 20 fwL In diameter In I W .  TWO olher nlls 
6 k t  lo d i ~ m e h r  were orposed lo 1W6. T h w  new plts 10 to 16 (car 
lo dlamclor opcned In 1949. Two old p11s occur In an abandoocd 
grown-over part of Ihe Bcld (bg.$1). 

Several small plts prosent; one Is 4 lect in dlamcter, more Lliyl I0 let  
daou. Pmmlneut deowslons 5 feet d e c ~  occur Ln wbW w a r  some- 
t h i s  stands. 

Large deprcdslon 20 iect In d b m t e r  h lowor balf ol the dold. F 1 Well-lormgd mounds 90 Iwc In dlamlor ond 13 leek hlgb. One large plt 2 
1 ~ ~ i a M i s W d  bvar mounds end plts. Cebln In Beld bsssuhldod ;a 

4 leet. 
h r g c  monnda4 leot blgb and old, WC(Uledplts6Icat dew. 
h(ounds 20 lo 30 lest In diemahrand 3 lo 4 feat higb. Onoowner [ O I I K ~ ~  

mound and ~ i c  lometton lor 10 m r s  hut 8 d l ~  moved. Cabio 

32 
21 
12 

hlgh'silll active. RadlotransmllLM brr(ldtogsett~lng. 

1- ................... 
1937 ...............--.. 

................... 1W 

l93S-N.. 
1840 ................. 
1043 (7). 

.................................. 
IW.. ............................... ... 

polrm moo.. ...... ..--.,.-. .-........................................... .................. Cloll eonrm 

Mounde 1 LO l H feet hlgh on lowersideoldeld. 
Mauydepresslon8andsmollpitsfmln1;. 
Broad undulating mounds 64 lcet lo I 0  [set l a  dlnmcter and 2 lo 1 feel 



19 1 L9 JO... ............ ,...I Eerw-wn 1M2 and ). ...............--.... i ............................... Depressions 2 to Blwt deap. 
JW5. 

20 1 1940 .--....----.. .....I.. ...-...-...-..... ---I  LM7 ....-.......... ..I CulLlvatod.. ................I Tractor collapsed roof of therrnokarst cavern near road between 6eld 

................ ................ .......... L I 1040 ........I ....................... 1W8 .I Pobto crop 1 T ~ n ~ i s ? l & t  d&p exyosed In Lhswed ground when ttr9cloroollapr;od 

lw. 1947 -.... do . .  ............... ..,- .. . 
...----.......... .-..---........ ............... ........ W 4 . .  Not  I n  current use.. 

........... 1045 ................... 1047-. ............. ............. 1 Partly abandoned I I 
....................... J9% ................................................................. do 

................................................................... .................. 1948 1948 
1046 ................... 19% ...................................... 1':i~Iuw.. .................. 

................ 1917. .......................................................... CultIvatoll 
....................... 1947 ................... 194I .................................... I IO 

1948 .......................................................................................... 
1848 .......................................................................................... 
Unknawn.. ...... Dstn unknown ..... Dnte unknown. ..... Not  I n  c ~ l t r c ~ n l  use ......... 

Unknown. ................ do .................................... CulLlvuud .................. 

roo(. 
Tmcbor wlls~sed mol  over vll 5 tact In dlamoter b valley OD c a t  slds 

oflleld. 
T w o  ~,lts ahoul 4 Iwc drep In flcld. Two plts 8 feet dwp nd)actnt l a  

Inrm road In hwlvlly wooded nrea. Tho% nlts bave deopened 5 feet 
fmm 1040in 194% Irolurnolcharrdfinlrl unwrtaln. - . . . . . . . . . . . . . . . . . .  -. . - .. - ......... 

Fmmlnent I l n a r  do;>rcu!on. A pic 8 fact b y  15leet In  hawed ground 
nc'tt l o  d~prc-Ion n p y d  14 1046 (fig. 51). A clrCUlar p i t  a0 l e t  
acrosssnd 15I?ct dcup urmcd I n  1949. 

Oentle daprcslolls. 
Oentlo Irmgulnr olhtl some downhllh llncar dopreshoos. Nu sorlous 

lr~torkrcnoc wl1I1 ct~ltlvnrlon. E e ~ ~ h o u ~ e  has sectled unevenly. 
No Irrcg~JnrIticr ycL b1rt probsbly w l l l  oppear wlh. 
Irreaularlllun i n  !+urfDa heDlnnlna l o  torn1 1048. 
Well log Indtcntcwl l!c?rrnalrc~t Irorn cfcpt l~ 12 (cot l o  52 fect. 
N o  deprcs$lons y ~ t  hul ~,mbahly wUI ap 
Few srnnll d<!l,rrqrIons 2 Iwr c\w.cp. I ' o a ~ ~ ~ l % .  
Yo lrrqubrl l lw 111 surfha? ycL but a n  ho expucLcd lo a fow,yeaw. 
node press lo^^^ pet, but cho bc oxpcclcd. 
Faint ouillocs 01 ~~o lmona l  round l'mnehcs3 feat deop, and one 1)IL 

Ullocldccpaud 2kfik tndkrncr(s~ 'I'wosnmJlplLsn~~rLhcrmd. 
Bmall morlncls on tllc dO\vndoDC c d ~ c  of neld. 

-------.--.---..--.-.. ------ 
'With a few uddJllonsl nows h 104Q. 



is less than 10 or 20 years old. The moss md lichen mat is thin, and 
forest undergrowth is predomEnantly wild rose, bunchkrry or dwarf 
dagwod, and horsetail. Alder and m i l l ~ w  grow along drainage paths. 

Topog.~aphy,-The upper slopes are generally too steep for cultiva- 
tion and many have parallol gullies and ridges 50 to TO feet wide, 200 
to 300 feet long, and with a relief of 10 to 20 feet, However, the 
gentler (1h" to 4") middle and lower slopes are satisfactory far 
a,&culture. 

Soil erosion is a serious hazard 011 cultivnted slops in the perma- 
f&-fm area. The soft loess is easily gullied and if plowed pamlIel 
to the slope, runoff is channeled down the farrows. G d k  30 feet 
 ion^, 4 feet wide, and 4 feet deep hnve formed in freshly plowed fields 
during a single h e a v  miaPtorrn. Especially serious gullying mny 
occur if mnob from roadside ditcl~es i s  channeled into a field. Such 
gullies may resemble modified thet~ioknrst pits. 

Lithology.-hss tw much ns 100 feet thick covers the middle  slope^ 
but thins to R few inches or map bn mi~sing on the hilltops and upper 
dopes. 

More than 70 percent of the loess particles are siIt size and range in 
diameter from 0.01 to 0.05 millimeter. Little clay is pment (fig. 84). 

Subarctic brown forest soils are formed on the Ims (Hellogg nnd 
Nyprd, 1951, p. 50: Michnelson (unpublished manuscript, Alaska 
Agriculturnl Experiment Sta., Palmer, Alaakn) . This slope soil is 
termed the Fairbanks silt Inam (Bennett and Rice, 1919, p. 131-148) 
and is similnr in phgsicnl chtarrscteridics to the brown ImsiaI soils 
of the midmestern TTnit~d S~IG&. 

S~it&il i ty fur agPjm~lfu~e.-The first f nnns in tho Fairbanks area 
wero cqtablished almost 50 penm ago on tFlc south-facing permafrost- 
free slopes, By 1!148 npproximntely 1,200 ncres had been clsmed for 
agriculture on these slopes (pl. 91, and most of the 34 square miles of 
the permafrost-free nrea near Fnirhanks was claimed for home- 
stending. 

So~ith-facing slopes are desirable for agriculture because more solnr 
heat is received on them. The soil warms more rapidly in the spring, 
and the growing a s e a  is about 2 weeks longer than an the fluadpltlin. 
Permafrost is absent nnrl no th~nnnk,ka~-st topography is formed. 

Cultivated fields an these slopes nrs  subject to severe soil erosion, 
but perhaps the most critirnl handicap to apiculture is the relative 
depth to grot~nd wnter. Depth to ground water is generally more 
than 100 feet and only smnll quantities rtre rivaiIab1e. Consquently, 
water supply is x much more critical problem there than on the flood 
plain, where w u n d  water i s  available in abundance at depths of 20 
to 200 feet. 
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Flawam 84.--Areram cumulatltre-fqueoe$ curve of 17 mmplta of lncsln from the 
Fnfrbanks a m ,  Alaska 

Permfifmst containing Fmrge ice masses underlies 27 pemnt of the 
Fairhnlrs area. When the surface is cleared, the ice melts ~ n d  
thennokarst mounds and pits form. As a result, the new field may 
eventually become difficult or irnpowible to cultivate. C a n s -  
quently, some fields in the area urlrlerlain by large gronnd-ice masses 
can be cultivated only n few years after clearing and then must be 
abandoned or put into pasture. Cl~ar ing represents a big investment 
in labor and cnpital, and nbandonment of s crrltivated field is a serious 
loss. It is recognixed thnt a field can be used if the mounds are re- 
peatedly leveled and tho pits filled ns they appear. However, it is a 
costly fight and mucli t i r n ~ ,  money, ~ n d  mil nre wasted in such a 
peremial struggle. 

Most of the suitable agricultural land on the f l d  plain and pema- 
frost-free slopes near Fairbanks hns already bee11 claimed by home- 
steaders, In the futuret many new settlers are Bkdy to clear and 
a h p t  t6 cultivate fields on the alluvial f ~ n s  and silt ltrwIand where 
Iarge masses of ground-ice are prewnt. Large masses of ground-ice 
are not unique to the Fairbanks area and mcur in the upper Tanana 
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Valley, the middle Yukon Valley, the Seward Peninsula, northern 
A41aska and other localities. Farmers seeking new lmd in the Fair- 
banks area or elsewhere should find out wllich areas are unfavorable 
because of permafrost conditions. They should reaIize the probable 
necessity that fields in the nwa underlain by ground-ice may have to be 
abandoned erentually . 

LITERATURE CITED 

~ L ~ M O D T ,  0. S., and SAPAGE, D. A., 1049, Cereal, forage, and range problems and 
possibilities In AItlakn: Chapter 3, of Report on explorntorg investigation# 
of agricultural problems of Alas lr~:  U. S. Dept. Agriculh~re, p. 87-124. 

AHLMA~N, a. E., 1952, Preliminary report for the general assembly of the  17th 
International Cangress : International Geogrrtphicnl Union, 24 p. 

B E ~ N E T ~ ,  H. H.. and RICE, T. D., 1919, Soil reconnnissanee in Alaska, with an 
estimate of the agricultural p~sibil it ies:  U. P;. Dept. Agriculture, Bur. of 
Soils Field Operation# 1914,16th B p t .  g. 43-238. 

BENRIXGHOFF, W. S., 1952, Interaction of vegetation and mil frost phenomena: 
Arctic, v. 5, p W 4 .  

BLACK, R. F., 1951, Structures in ice wedges of northern Alaska: Geal. Sm. 
America Bull., T. 62, p. 1423-1424. 

-1s52, PoIygonal patterns and ponnd conditions from aerial photographs : 
Photogrametrlc Zngineer, r. 18, p. 123-134. 

CLPPB, S. R., 1932, Glaciation in Alaska: U. S. Geol. Survey, Prof. Paper 170, 
p. 1-8. 

GEESSET, G. B., 1939, Frozen mund In Siberia: Jour. Geology, v. 47, p. 47!2-488. 
GA~SER, G. W., 1993, The Tannna Tralley : Alask,lra Development Board, 29 p. 
-1Ma, Information for prospective settlers in Alaska: Alaska D~pt.  of 

Agriculture, 35 p. 
1948b, Agriculture in Alaska : Aretic, v. 1, p. 7 m .  

H A L I C ~ ,  Baowm~sum, 1951, The role of ground ice in shaping Pleistocene 
periglacial forms : A c h  GeoL PoIonica, v. 2, p. 208-210. 

Hopzrms, D. iU., 1949, T ~ A W  lakes and thaw sinks in the Imurulr Lake area, 
Seward Peninsula, Alaska : Jaur. Geology, v. $7; p. 119-131. 

HOPIZIRB, D. M., and K ~ B T E O M ,  T. N. Y., 1954 Permafraet and ground-water con- 
dItlons In Alaska with a dlscn8sf@n of the roIe of photo-lntmpretatlon : U. 8. 
Qeol. Surrey, Prof. Paper [in grew]. 

K E L ~ ,  C. EJ,, and NY~ARLI, I. J., 1949: Soils of Alaska, Chapter 2 of Report 
on exploratory Investigutiona of agricultural problems of Alaska: U. 5, 
Dept. Agriculture, p. 25-46. 

1051, The principal soil groups of kIaska: Agriculture Mon. No. 7, U. S. 
Dept. Agrfcuttnre, 138 p. 

K o w , m ,  OTTO VOM, 1821, A voyage of discovery into the South Sea and 
Behring's Straita for the pnrpose of exploring a northeast paamge : English 
tranelation in 3 v,, London. 

L E F E ~ C I W ~ L ,  Em DE B., 1915, Ground-ice wedgea: The dominant form of ground- 
ice on the north coast of AIaska : Jaur. Geology, vol. =, p. 635661. 
1919, The Cannhg River Region, Northern Alaska: 17. 8. GeoL Gurvey, 

Prof. Pawr IN, 251 p. 
L r v ~ ~ o v s ~ ~ ,  A. V., and Mo~oeov, IZ. D., 1941, ~onstructi*n on permafrost: Mo5 

cow (Inglish tramlatian, Ofice of  the Chief of Eo~neers, U. S. Army, IOM 
mi P.). 



EFFECT OF PERMAPROST ON CULTIVATED FIELDS 349 

MILLER, E. W., 1951, AgriculturaE de~eIopment8 In Interior Alaska : Sd. llonthly, 
v. 73, p. 246-264. 

WYB, 0. L., PASCEAL, 5. L., and FUHRIMAN, W. W., 1050, Borne economic alp- 
of farming Alaska with chief atkentian to the MtitanuQ~ Valley (progress 
report) : U. 6. mpt. Agriculture, 89 p. 

M u m a ,  S. W., 1945, Permafrost or permnnentlg frozen ground nnd related en@- 
neering problems: U. S. Gwl.  Survey Specis1 Rcpnrt, Strategic Engineering 
Study 62, 2d ed, Military Xntelllgence Dlvlsloa, OfRce, Chief of Engineers, 
U. S. Army. Aha lithoprintetl by JEdward~ U~'otl~ers, An11 Arbor, Mi&., 
1947.231 p. 

N ~ R O F P ,  C. C., 1925, The perwtually fcnzcn a~rbadl  of Slberla : soil Science, 
v. 26, p. 61-79. 

Phvf  T. L, 1945, Permafrost and gmrnorpl~olu~y in  the lower Yukon Taller, 
Alaska : Geol. BOC- Amerlm Unll., v. 58, p. 1257. 

194%, Origin of the ,Ilitnn 3lounds: Sci. Monthly, v. 66, p. 293-2243. 
- 194Sb1 Termin nnd prmnfmst of t h ~  Fntrhaftks area, Alaska: Geol. Soc. 

America Bnll., r. 59, g. ISTR. 
1948c, P e r m n t r ~ t  Inrt~rttlplntjonn, Fnlrhoka aren, Alaska: U. 8. Ow- 

logical Survey in cooperation tvltlt Office. Chief of Engneers, Permafroat 
Program PreIlmlriary I i q n ~ r t ,  16 p. 

-- 1949, Preliminary rpport of prmnfrost inrestigations In the Dnnbar area, 
Alaska: U. S. Gcol. S11rre.r Circ. 42, 3 p. 
- I95On, Orlgrn of tl~c ~it)ln~lrl  sllt In the Pnirhnks a m ,  Alaska : GeoE. Snc. 

Am~rIca Bull., u. (il, p. I-l!)t. 
- 1DX#b, Tlie reintionship of ~urmafrost to agriculture in the Fairbanks 

arm, A t n ~ k ~  : Geol. Roc. . \ ~ t i~r i rn  Br~ll., r. 61, p. 1 6 2 .  
- 1051, Arl ol~wrmtion O I I  wind-blown silt: Jour. Gmlogy, I-. 59. p. 3 W I .  - 19rr2nl Pr~ll~nlnriry report of multiple glaciation in the Rig Deltn w e n ,  

Aloskn : Gcol. Srw. dmerifbn Bull., r. 63, p. 1289. - 19!j211, I'rrllnilnar.c rrllurt on the lnte Qunteranr~ history of the Fair- 
banks nrm, Alnska: aeol. Huc. America Bull., v. 68, p 12R3-12W. 

ZEOCKIE, W. A., 1942. Pitting nn dlnsknn fnrnl lands: A new erosion prnbl@m: 
(:*. Iler., r. 42, p. 125-134. 

BARDERRON, ~ I A R I ~  1'350, llensuriug patentltll et-alpotmnsplmtlon nt Normnn 
Wclln: Geog. Her., v. 40, p. &?6-W. 

~ W M ~ : I X .  31. I., KACHURIS, % P., TOLBTIKHIK, N. I., and TUMEL, V. F., 1WO, (fen- 
t*ml permafrost xtndies ( m e m l  permafrostology), Akad Nauk SSSR., 
lloscow, 340 p. [?She original publication not ~xnmlned, Informntion from 
crnn~1nttons.l 

Auxnmo, Gmwc 1944, Agricultuml del-elnptnent in Slnskn : flrrthcr posalbflltfe9 
and prnbl~nls : Xorth P ~ ~ i f i c  Stndy, Portlntd, Oregon (rnlmeogmphcd). 

Taac~ ,  STEPHE%. 11)4.?. PerenninlLy Irwen m n d  In Alsfikn-its o r i ~ n  and his- 
tory: Geol. Sac. America Bnll.. v. 54, p. 1433-1538. 

T~LPLENKIT*', Ye. X., 1944, P~ruanfmt rind Itq Enflz~cnce an nmiculture: Akad. 
Nauk SSSR Trudy Inst. 3Ierzlotord. Im. T. A. Ckbrurhev, tom 4, p. 0b2.75 
( in Russian). 

Cnrr~e STATEB WEATBEE BURFAU, 1043, Climatic atIns for A l a s h :  Rept. 4 4  
(229 p) mid supplement (72 p.} nf the W ~ n t h e r  Information Br., Henrl- 
quarters, Army Air Forws. 

WALLACE, R E., 1948, Carein lnlrea h the Nebesnn, Chisana, and Tnnana Bivar 
valleys, emtern AIaskn : Jour. O e o l w ,  V. M, no. 3, p. 171-181. 





h m  
.................................. 816 ..................... ~ehowhd-ta  for aid 3lR 

actrve byer .................................. XZI 
Aerlcultud8~tiVitle~ ....................... 319 

Page 
Immas~ea .................. 8183S3a83n,2X. 337 

..................... ahmw in B o d  plab 510 

-....................... ~ ~ l * ~ s ~ ~ S J M T  
A~triculture. sultsbllfty lor .............. 340.343. Ma 

Sn Allu~ium, depth nl ........................... 
drotdrrnce ~ lon l s~ornble  14- ......... 918.320, 348 

Meanders. atmndoned channels ......... 33440.241 
mln'lwta Of --............ 32S 

Muck .................................. 3-24 . m342 

............................ E.e8dsd dnhage- 3a3, 341 
Bedmck ...................................... 322 

.................. Do~md* d pmnatmat 

Cavbln bkm .................. _... ... 1 1 ,  338 
C l w t d  wund . nlatlm ta depth of perma- 

M .............................. 32.5 
Cryohrut ................................... 824 

Perrennlally fmm gromd (ms Permaftwrl) 
Pnmtrost 

.......... distdbutlan in A l h  3 l k  517.3!&823 
dlstrlbntiw h Fuirhnham . ......... 3ZW27 

................... Permahstfrcc arm 316, 34% 3 6  
cribrln tor dctermhin~ hundwier ....... 327 

Permmost tnblo .............................. sZB 
Polugonrl ground .................. 8% WO.M1,M2 
Poorlydmlned arRw .......................... 32E 

DavP1Opmmt 'h.hermokmt phenommBrnB- . 3m39 

Eflect chBCb'mE ............. 816 
ewmomfc asps............ %, 
goncm1 ................................... 316 
In North Ameolm ........................ 318 
in 81hcrh 317, 343 ............................... 

~ a i r n y t  pnlygrma ............................ 328 
Talk ....................................... 917, 3% 

...... Tmmn VaI le~  (ate a h  MrhRnkn *mi) 319 
ThawlnR.eReEtaonprmahdt .. 31R,5aQ. Wn 849 M9 
Thaw hka ( am Cave-h  lakw) 

..... Tbcmokwst features. locnlizotlon of Dl, 348 
Thcr~nokmt mounds . rdovclon1~6at  altar 

**baaha - WJWbgw ............. 
I ~ t i O n  ............................... 31% 322 
pernutage ot clondg days ................. 320 
predpltatlw .......................... W ? 1  
w t t l e m t  of .... RlMm .................. .... 
tempem m ............................ 32(+:421 

l'anma 'lvw... 32a'325'a'7~~ 
F o M  thermobrst tsstnres ........... .... .... 

Iere l l ln~  .......................... 338 
ahspe md dlmcndons .......... 331,333,SZQ-S 46 

............... tlme of InfnlutIrm 823,341,- 
T h m o b t  pits, mrms En ............... 935, 338 

............. shalw and dimmdms 333, W, *,W 5 
or'nrmu''m-------- ........... w+341 

Thrmnturrrr tommphg ............... a q  3%%l 
Tb1eknr.a of p e r m s l m  .................... 324-387 
Thlckncsr;ofsr(IimcnLq ....................... 322 

m ~ t l O U  ...... 822 ...... .......................... 
Gravel, unfmw hnsas in flood plaln 325 ......... 
amd- im-- -+- - - - - - - - - - -+ - - - - -  316 8.321(, 32%8=843 
Omund tarnperatm ............... .... 327, B7, 340 

................ Trrnch~~s r m t L n ~  mouncls 311 
............................. Tundra ~ l y g o n s  321 

VemhtEm ......................... wa41, mm 
rc!at[w to ......... 328 

G m d  m*. 341 346 relsted to -stmet e f l e  ............................. ...... 




	B0989F0000001.tif
	B0989F0000002.tif
	B0989F0000003.tif
	B0989F0000004.tif
	B0989F0000005.tif
	B0989F0000006.tif
	B0989F0000007.tif
	B0989F0000008.tif
	B0989F0000009.tif
	B0989F0000010.tif
	B0989F0000011.tif
	B0989F0000012.tif
	B0989F0000013.tif
	B0989F0000014.tif
	B0989F0000015.tif
	B0989F0000016.tif
	B0989F0000017.tif
	B0989F0000018.tif
	B0989F0000019.tif
	B0989F0000020.tif
	B0989F0000021.tif
	B0989F0000022.tif
	B0989F0000023.tif
	B0989F0000024.tif
	B0989F0000025.tif
	B0989F0000026.tif
	B0989F0000027.tif
	B0989F0000028.tif
	B0989F0000029.tif
	B0989F0000030.tif
	B0989F0000031.tif
	B0989F0000032.tif
	B0989F0000033.tif
	B0989F0000034.tif
	B0989F0000035.tif
	B0989F0000036.tif
	B0989F0000037.tif
	B0989F0000038.tif
	B0989F0000039.tif

