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STREA?A-ICIN[; 7,ONES IN ALASPA 

By 
K . G .  Dean I 

Large stream-icing zones Jn Alaska were napped at a scale of 1:250,0n0 
bv interpretation of multidat-e Landsat imaperv (fig. 1) .  These features 
include late-winter ov~rflows avd residual ice sheets that range from 20 to 
100,000 acres ( 6  to 40,500 ha) in areal extent; hraided streams that are 
9usreptible to icings were also marped (fig. 2). 

Almost all. jcings occur in or near upland or mo~lntainous terrain in the 
Srooks Ranpe and northeastern Alaska. Icings are scant in northwestern 
Alaska, and the number and size of i-cings generally decreace southward. In 
interior Alaska, occurrences are numerous but small and are restricted to 
tributarv stream channels or flood plajns. Many icjngs occrlr In the Alaska 
Range, c.specja!ly along the north flank. 

Stream icings (also called aufeis or naleds) are seasonal flood 
phenomena in h i ~ h  latitudes and alpine regions. When water rep~atedlv over- 
flows its ice cover durjng suhfreezjnp air temperatures, thick sheets of sur- 
face i-ce form beyond the stream channel. Tcings occur when hvdrost-atic water 
pressure in aquifers or streams is sufficientlv larp to force water through 
cracks in the ice cover. The jncreased hvdrostatic pressure generallv re- 
sults from restricted water flow and from the hydraulic eradient in stream 
channels and aqliif~rs (Carev, 1973; Harden and others, 1977). Climate, 
hydrology, geologv, permafrost, and topography influence occurrences of icing 
and fluctuations in thcjr activitv (Carev, 1973) .  

Historicall~7, three tvpes of icings have been described: river, spring, 
and ground (Carev, 1973). In this investigation, stream icings encompass all 
three catepories. Areas affected by icings range from a few square vards to 
thousands of acres. Typical 1-v, ground icfngs are much less extensive than 
river :~11d spring icinps (Carev, 1973). Because only icings larger t h a ~  70 
acres (6  ha) were mapped during this study, most represent river or spring 
icings. 

Areas susceptible to icings present difficult engineering problems for 
construction of buildings, highwavs, and other structures (Carer, 1973). 
'Icjng zones also target ground-water seeps, springs, or streams with 
perennially flowing water (ChJlders and others, 1977). 

PREVIOUS INVESTTGATTONS 

Yany investigators have mapped or studied surface-icing conditions in 
Alaska. The occurrence, control, and prevention of icings were summarfzed by 
Carey (1973). TAarge icings in northeast Alaska were mapped bv Leffjrrgwell 

l~niversi ty of Alaska Geophvsical Institute, Fairbanks, Alaska 95 701 . 



F i g u r e  1. Map of Alaska showing p l a t e  l o c a t i o n s .  P l a t e  20 i s  i n c l u d e d  i n  
r e p o r t ;  o t h e r  p l a t e s  a r e  a v a i l a b l e  upon r e q u e s t  ( c o s t  $2 e a c h ) .  

- 2 -  



Figure 2. Stream icings near Demarcation Bay (interpreted from 1972-1882 
Landsat imagery). Solid areas indicate residual ice sheets, hatched 
areas indj cate overflows, and open areas indicate braided streams that 
may be suhiect to stream icings. 



(1919), Hall (1976; lP80), Childers and others (1977), and F~rden and others 
(1977). Icings along the route of the Trans-Alaska PipelSn~ were mapped by 
Sloan and others (1976), and local icings have been studied by Carlson 
(1979), Corbin (l977), Kane and Carlson (19771, K a ~ e  and others (1973), PJwA 
(1982), and Slaughter (1987). 

METHODS AND PR.OCEDTJKES 

Stream-ic-!ng zones large enough tc! be visible on T,andsat imagery were 
mapped on 101 IT. S. Geological Survev 1 : 250,000-scale topographic maps of 
Alaska. Although no large icings were observed in the Barrow, Rlack, Blying 
Sound, Cape Mendenhall, Hapemeist~r Tsland, Hooper Rap, Tcy Fav, Kaguyak, 
Kotzebue, Kuskokwim Fay, 1,ookout Ridge, Yarshall , Meade River, MJ ddleton 
Tsland, Nunivak Island, Nushagak Bav, Point Lay, S~ward, Shishmaref, Sirneonof 
Tsland, and Trjnity Island Quadrangles, small icings are undoubtedl-p present. 

Stream icSngs were interpreted from Landsat NSS (Multispectral scanner) 
data recorded during the 1972 to 1982 late-winter, spring, and summer 
seasons. The location and maximum extent of icings were mapped regardless of 
fr~quencv and timing of occurrencrs. Images with mjnimum cloud cover and 
extensive icjngs were enlarged to 1:250,000 scale and used as primary data 
sources for each plate. Landsat images at 1: 1,000,000-scale provjded ad- 
ditional information (see appendix) that was not recorded on the 1:250,000- 
scal e images. 

Visible-wavelength (band 5) data were used to map residual ice after 
sprine thaw (fig. 3). These ice sheets appear white on band 5 jmages due to 
their high reflectance compared wjth surrounding vegetatjon, soil, or rock. 
Occasionally, the ice had a higher reflectance than nearhv snow cover. 

Landsat images recorded in near-infrared wavelengths (band 7) were used 
to map late-winter overflows (fig. 4). Overflows appear dark gray to black 
due to absorption of these waoe!.engths by water. The dark signature i~ the 
Infrared wavelengths contrasts markedly with the highly reflective snow and 
ice. Correlation between the location of overflows and residual ice sheets, 
coupled with a few field observations, support the validity of mv interpreta- 
tions. 

Very limited ffeld observations were made during this investfgation. 
Crosschecking of features observed on images with different dates and wave- 
lengths and discussions with indjviduals familiar with specific areas helped 
limjt misinterpretations. In some areas, cloud cover restricted the number 
of jmages available for interpretation. At a few locations, aerial photo- 
graphs were used to verify occurrences. Large icjngs prevjously mapped by 
Childers and others (1975), Hall (1976; 1980), Sloan and others (1?76), and 
Harden and others (1977), compare favorably with those mapped in this in- 
vestigation. 

The presence of confusing spectral sj.pnatures in some areas may have 
resulted in some misinterpretatjons; these areas are queried on the maps. 
Surface features that may be confused with or mask residual ice sheets in- 
clude snow cover (usually at higher elevations), snow drifts along flood 



Figure 3. Summer Landsat image (hand 5 )  of the Demarcatfon Rag area. 
Residual ice sheets (A) are bright and coincide with overflows shown on 
figure 4. Numerous unlaheled ice sheets are also present. Image 
5828-19272, July 25, 1977. 



Figure 4 .  Late-winter Landsat image (band 7) of the Demarcation Ray area.  
Stream overflows ( B )  are dark and coincide with i c e  shee t s  shown on 
f igure  3 .  Several unlabeled overflows are a l s o  present .  Image 
1608-20493, March 23,  1974. 



p l a i n s ,  r i v e r  i c e ,  g r a v e l ,  and v e g e t a t i o n .  F e a t u r e s  t h a t  may b e  confused 
w i t h  l a t e - w i n t e r  over f lows  ?.ncl-ude dense  s p r u c e  f o r e s t s ;  dense ,  l e a f  l e s s  
b rush  a l o n g  s t r e a m s ;  unf rozen  s t r e a m  c h a n n e l s ;  and exposed c l e a r  f c e .  

Overflows were us11~1l.v observed on l a t e - w i n t e r  images i n  a r e a s  where 
l a r g e  r e s i d u a l  i c e  s h e e t s  were mapped. T v p i c a l l v ,  a lmost  a l l  over f lows  a r e  
l o c a t e d  i n  s t r e a m  v a l l e y s  ( r f v e r  o r  s p r i n g  i c i n g s )  and t h e i r  e x t e n t  i s  l a r g e r  
t h a n  t h e  r e s i d u a l  i c e  s h e e t s .  The s m a l l e s t  mapped over f low i s  about  20 a c r e s  
(6  ha)  i n  a r e a .  

I c i n g s  a r e  o f t e n  a s s o c i a t e d  w i t h  b r a i d e d  s t reams  (Carev,  1873) and may 
resu1.t  i n  bra ided-s t ream p a t t e r n s  (Harden and o t h e r s ,  1977) .  Roundar ies  of 
f l o o d  p l a i n s  thought  t o  be  suscep t f .b le  t o  j c i n g s  were d e l i n e a t e d  by b r a i d e d  
p a t t e r n s  on topograph ic  maps and Landsat  images and by p rox imi ty  t o  i-cing 
zones.  Tvpj .cal ly ,  s t r e a m s  t h a t  a r e  s u s c e p t i b l e  t o  i c i n g s  a r e  f i n e l y  r a t h e r  
t h a n  c o a r s e l y  b r a i d e d ,  and i n v a r i a b l y ,  meandering s t r e a m s  i n  mount.aj.nous 
r e g i o n s  w i t h  r e l a t i v e l y  s h o r t ,  b r a i d e d  segments a r e  a f f e c t e d  by Ici.ngs i n  t h e  
b r a i d e d  reach .  I f  s p r i n g s  a r e  a l s o  p r e s e n t ,  j c i n g s  a r e  p robab ly  r e s p o n s i b l e  
f o r  t h e  b r a i d e d  p a t t e r n s .  Tn mountainous r e g i o n s ,  b i f u r c a t e d  channe l s  were 
a l s o  observed i n  i c i n g  a r e a s .  

REGIONAL DISTF.TR1JTTON OF ICINGS 

The r e g i o n a l  d j s t r i b n t i o n  of i c i n g s  i s  r e l a t e d  t o  phvsiographv,  a s  shown 
hv s i m i l a r  d i s t r i b u t i o n  p a t t e r n s  and s i z e  i n  v a r f o u s  phvs jograph ic  r e g i o n s  
( f i g s .  5 and 6). 

A r c t j c  C o a s t a l  P l a i n  Region 

I c i n g s  i n  t h e  A r c t i c  c o a s t a l  p l a i n  r e g i o n  a r e  numerous i n  t h e  e a s t  an+ 
d e c r e a s e  t o  few o c c u r r e n c e s  i n  t h e  wes t .  Most i c i n g s  occur  e a s t  of t h e  
Sapavanirktok F i v e r ,  where many i c i n g s  c o i n c i d e  w i t h  known s p r i n g s  (Chj l d e r s  
and o t h e r s ,  1975).  Calcium c a r b o n a t e  d e p o s i t s  on some i c i n g s  i n d i c a t e  t h a t  
w a t e r  h a s  flowed through c a l c a r e o u s  bedrock i n  some a r e a s  of t h e  e a s t e r n  
c o a s t a l  p l a i n  ( H a l l ,  1980). The absence of i c j n g s  i n  t h e  west  p robah lv  
r e s u l t s  from a  d j f f e r e n c e  i n  g e o l o g i c a l  and h v d r o l o g i c a l  f a c t o r s  r a t h e r  t h a n  
c l imato log i -ca l  f a c t o r s  because  t h e  Arct!c c o a s t a l  p l a l v  r e g j o n  i s  l o c a t e d  i n  
a  s i n g l e  c l i m a t i c  regime ( J o i n t  Federal  and S t a t e  Land Use P lann ivg  
Commfssion f o r  Alaska,  1973).  

A r c t i c  F o o t h i l l s  Region 

The d i s t r i b u t i o n  of i c i n g s  3n t h e  n o r t h e r n  f o o t h i l l s  of t h e  Brooks Range 
i s  s i m i l a r  t o  t h a t  i n  t h e  Arct!c c o a s t a l  p l a i n  r e g i o n .  Numerous r e s i d u a l  i c e  
s h e e t s ,  over f lows ,  and i c i n g s  were observed on unvege ta ted  f l o o d  p l a i n s  of 
b r a i d e d  s t reams  e a s t  of t h e  Sagavan i rk tok  River .  Few o c c u r r e n c e s  were 
observed t o  t h e  wes t .  The same c o n d i t i o n s  t h a t  r e s t r i c t  t h e  development of 
i c i n g s  i n  t h e  w e s t e r n  A r c t i c  c o a s t a l  p l a i n  r e g i o n  a r e  p robab ly  i n  e f f e c t  i n  
t h e  wes te rn  f o o t h i l l  s. 



Figure 5. Regional distribution of icings in Alaska. Phvsiographic regions i~clude icings with a s j m i l a r  
distributfon pattern and sjze range. 



1 .  A ~ c : t c  coasral  
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Figure 6. 1,ocation of phvsjopraphic regions with sjmil-ar icing patterns and 
distri.bution. 

Brooks Range Region 

The Brooks Range region has the greatest density and most numerous 
icings. Althouph icings occur on both the north and south flanks of the 
range, they are slightlv larger and more frenuent on the north flank. 

Interior Basins end Highlands Region 

Yost mapped icings in interior Alaska are resjdual ice sheets and icings 
on braided-stream flood plains. Few overflows were observed on the ima~es, 
except on the Seward Peninsula. Most icings are restricted to hi]-ly and 
mountairlous terrains and are confined to small tributary stream valleys 
(Sloan and others, 1976). 

Alaska Range Region 

Although many residual ice sheets, overflow zones, and braided streams 
were mapped in the Alaska Range region, icings are not as numerous or as 
large as in the Brooks Range region. Icings are larger end more numerous on 
the north (rather than south) flank of the Alaska Range. Overflows were 
observed dn some areas where residual ice was not present, and icings occur 
on many finelv braided fl-ood plains. 

South-central Mountains and Basins Region 

Most icing zones in this region occur as residual ice-sheets on braided 
streams. Few large ice deposits and overflow zones are present, and most 
icings are limited to streams or flood plains in or near uplands or 
mountains. Few occurrences were observed along the coast. In some areas, 
poor Landsat coverage (due to cloud cover) limited the number of images 
available for interpretation. 



Alaska Peninsula Mountains and Coastal Plains Region 

The majority of mapped, icing-related features in this region consists 
of braided streams that may be susceptible to icings. Cloud cover restricted 
the number of imag~s available for interpretation. 

Stream icings are common throughout Alaska and usually recur near the 
same locality annually. Their areal. extent: is variable. The highest 
frequency and greatest density of large icings occur in the Brooks Range 
region, the ea.stern Arctic coastal p1al.n region, and the eastern Arctic foot- 
Itills region; few icings occur in the western coastal plain and foothj-lls 
region. Generally, the number and size of icings steadily decrease south- 
ward, except in the Alaska Range, where there are numerous stream icfngs. In 
interior Alaska, $cings are numerous but re1at.jvel.y small and are restricted 
to tributarv stream valleys. 

Almost all large icings occur within or near upland or mountaj.nous 
regions and often along finely braided streams. Larger and more numerous 
icings occur on the north (rather than south) flank of the Alaska Range. 
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APPSNDIX 
L i s t  of s m a l l - s c s l e  T.,andsat i r n a ~ e s  

T-andsat 1,  2 ,  and 3 i.maeps were used as supplemental d a t a  s o u r c e s  t o  
h e l p  i d e n t j f y  and s t ream i c i n g s .  These !t1,00C),000-scale images a r e  
l i s t e d  h y  the  s t a n d a r d  T , ~ n d s a t  Pnth/Row World Reference Svstem ( f i g .  7 )  and 
by d a t e .  

F igure  7 .  World Reference Sys tem i n  Alaska t h a t  d e s i g n a t e s  Path-Row numbers 
f o r  Landsat  1, 2 ,  and 3 images. 



P a t h l r o w  D a t e  P a t h l r o w  D a t e  P a t h / r o w  

7 9 / 1 1  9-70-76 8 2 / 1  1 
(con.)  5-12-77 (con.)  

6-17-77 
4-30-77 
?-29-77 
4-1 9-78 

5-7-78 
6-7-79 

7-13-79 
?-76-81 
4-21-81 
5-27-81 
5-1 6-78 



8811 1 
(con.) 

Path/row Date -- Pa thlrow Date 

85-1 2 7-4-75 
(con.) 6-29-77 

2-25-79 
4-2-79 

3-22-81 
4-9-8 1 
6-2-81 
6-4-79 



Path/row -- Date 

90112 6-28-77 
(con.  ) 5-1 8-78 

5-2-79 
5-3 1-79 
4-1 4-8 1 

6-7-81 
5-9-78 

6-14-78 
6-16-77 

7-3-77 

Path/ row Pate  

82/13 5-14-79 
(con.)  6-1-79 

88/13 
(con.)  

Date 



Pathlrow .- Date Path/row - 

81/14 
(con. ) 

87/14 6-12-76 73/15 
(con. ) 3-27-77 (con, > 

6-25-77 
6-30-77 
7-19-77 
5-1 5-78 
2-77-79 
5- 10-79 
7-1 6-8 I 
4-1 1-81 
5-17-81 75/15 
6-4-8 1 

3-31-78 
7-18-79 
3-8-79 
6-6-79 
3-2-80 



Date Path/row -- Date 

81/15 5-31-79 
(con. ) 8-23-80 

71/16 7-10-78 
(con.)  4-1 7-81 

5-1-81 
7-70-76 

85 / 16 2-73-76 
(con. ) 5-33-76 

7-7-79 
4-29-79 
5-15-81 
1-22-8 1 
2-16-7Q 



7 7 / 1 7  6-78-78 
(con. ) 2-17-79 

6-17-80 
5-7-81 
2-8-79 

5-27-79 



Date - .- Pathirow Date 


