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Frost observations during the winter and spring of 1949-1950 indi- 
cated that pronounced soi l  freezing conditions existed in the ponderosa 
pine, lodgepole pine, grass and brush types i n  eastern Oregon and Wash- 
ington ge Accordingly, a s t u d y  was designed t o  determine the occurreno 
and character of  frost under these widespread forest and range types. 
This paper presents a progress report of observations on soi l  freezing 
conditions i n  these cover types i n  eastern Oregon during the winter arid 
spring of 1950-51. 

PROCEDURE - 
The area selected f o r  study lies about 15 miles n o r t h s t  of 

La Grande, Oregon on Ue S o  Bighway 30. This location was chosen because 
* 
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it remsined accessible tAhroughout the winter end a l l  the predominant soil  
a;ld c o v e r  tynes t o  be investigated were contained within a m a l l  area. 

A l l  o f  the soi ls  i n  the area a r e  of volcanic origin. Dn untimbered ridge 
t o g s  a shali.c~,v red clay so i l  has develorred over a fractured basalt. This 
s o i l  supports very l i t t l e  vegetation, mos t  of which i s  in t he  form of a 
poor  grass and weed cover* The southeast slopes generally have shallow, 
brovin s a i l s  vrith an open grassland type of cover. The south and southes t  
slopes commonly have a deep, medium-textured, brown forest soi l  supporting 
open stands o f  ponderosa pine. The north and east slopes are no s t ly  covered 
~ii-t;h psaice soils. These, it i s  believed, were derived from volcanic ash, 
cssr ied by ~vi'rind from the southwest. They support f a i r l y  dense mixed f i r  and 
lodgepole pine stands 

The sme procedure was folluwed for establishing the plots and observing 
the freezing conditions as  was used in the 1949-1950 study. Each individual 
p l o t  consisted of a circular area, approxinately one acre in size, wholly 
~ar',thir, one particular forest o r  range type. The center of each plot  was 
marked with a tagged t ree ,  stake, or mound of rocks and used throughout the 
~ ~ b ~ ~ r ' T % t i ~ n  period as a reference point from which t o  locate the actual 
sampling spots during the periodic observations. \'hen the original plot  
was established, a p i t  was dug t o  the C horizon and the so i l  profi le  . 
described. Data on topography, vegetation, and geology were also recorded 
a t  t h i s  time, Each time the plots  were visi ted during the periodic observa- 
t ions,  the so i l  surface and humus mre exmined for f ros t  occurrence a t  
paired spots, On the f i r s t  v i s i t  these were located one pace north and 
south o f  the plot  center; the second time, one pace east and west of the 
center. This procedure mas follovred throughout the observation period, 
increasing the distance from the center by one pace each time the plot  was 
visi ted so that  the so i l  and mop: rerntiihed undisturbed v h r e  the observations 
were madea 

The periodic observations a t  each plot  included snow depth; depth, type* 
acd location of f r o s t  i n  the so i l  profile;  and soi l  moisture* I 

Frost structure was classif ied into the three general types described 
1 

by Post and Dreibelbis 2/ in Ohio, as, "concrete," "honeycomb," and "stalac- 
t i t e o n  "Concrete" f ros t  i s  characterized by many very thin "ice lenses," 
small crystals,  and an extremely dense structure; "honeycombtt f ros t  has a 
1nc:se porous s tructure and permits free vapor movement, vrhile "stalactite" 
f ros t  structure i s  characterized by many small needle-like ice  crystals 
aligned ver t ica l ly  and connecting the heaved surface t o  the so i l  belawe 
Stalactite frost, rrhen per t ly  thawed and remelted, often has impermeable 
panes OF layers of ice  a t  the baseo A n  additional type recognized in t h i s  
study mas granular f ros t ,  found generally in the l i t t e r  and 3' horizons in 

3/ Post, F, A,, and Dreibelbis, F. Re "Some Influences o f  Frost Penetration - 
and Microclimate on the Water Relationship of Woodland, Pasture, and 
Cultivated Soils  ." Soil Science Society of America, Vole 7: 95-103. I@@. i 



1 the forest  and characterized by scattered granules of ice binding the 
l i t t e r  and F par t ic les  together. Granular f ros t  appears very porous 
and i s  eas i ly  crushed in  the hands. The moisture content of the soif 
a t  the surface or  below the f ros t ,  i f  the ground rms frozen, vvms es t i -  
mated by squeezing a small s q l e  of the soi l  i n  the hands. The so i l  
was then a rb i t r a r i ly  classified as dry, s l i sh t ly  moist, moist, or wet. 

Three study plots  were established on the open ridge tops, three 
on the shallow, brovm soi ls  in open grasslands, three in ponderosa pine, 
and four in lodgepole pine. The descriptive data f o r  each plot are shmm 
in tables I and 11, A l l  p lots  were established in I?o~ember EUI~ visited 
bi-weekly throughout the winter and s9ring. Observations were conkinued 
un t i l  the ground became free of f ros t  md snow and no further freezing 
was expected* 

During the  l a t e  f a l l  and early winter the mean temperature re- 
mained well above normal. The ninimum temperature occasionally went 
below freezing during the night, but  usually remained above 32' during 
the day* Precipitation was l ight  during th i s  per iod  and considereti 
below normal for  the Weaa 0.ccasionally a trace of snow covered the 
ground, but t h i s  soon disappeared with nodera t ing  teaperatures. The 
relation of f ros t  and snow depths t o  cover types i s  shown i n  Figure I. 
During this early period some concrete frost formed in the surface so i l  
of the lodgepole pine stands, on the north slopes, where the forest  
canopy was dense enough t o  protect the ground surface from the suno 
This f ros t  remained f o r  several days. Beside t h i s  persistent f ros t ,  
the ground froze a t  nigM vrherever there was enough moisture in the 
ground, regardless of cover typeo This f ros t  was of a porous type and 
usually melted by noond It assumed a s ta lac t i te  form and heaved the 
surface so i l  and grasses into pedestalso Some of these pedestals were 
as much as two inches high* This condition occurred on both the un- 
timbered (or open) ridgetops in the red basalt  soils,  and the shallow 
brown s o i l s  having scanty pass  cover Observations, however, indicated 
that  it was most prevalent on the untimbered ridgetopso The brovm forest  
so i l s  in the ponderosa pine stands renaked free of f ros t  during t h i s  
period* This m a y  be attributed t o  southerly exposure, f a i r  pinegrass 
cover, and the open character of ponderosa pine stmds a 

a 

By midwinter the average temperature s t i l l  renained above normal, 
although subfreezing and even subzero tem~eratures were experienced 
quite frequently. Precipitation, mo s t ly  in the form of snow, 
above normal for  the area. B y  nidwinter the average snow depth on the 
plots sms about 10 inches. This varied from no snow on the windswept, 
exposed places and near the base of t rees  where the snow had melted, t o  
Well over a f o o t  of snow in dr i f t s .  Occasional warm spells followed by 
subzero weather caused the  snow t o  melt and refreeze with some snow-melt 
mter entering the so i l  profi le  and f'reezing into an impermeable ice 



T A B U  I 
FOREST AXD ~ ~ c o ~ ' ; R  CATA 

p l o t  No. Eleve Aspect Slope Forest Cover Art0 Denslty Ground Cover ----- 
f e e t  7: / O  

101 3,400 NE 3 Lodgepole pine 60 60 Pinegrass 
Spirea 
Oregon rjape 

Pinegrass 

Eluegrass  - 
Bluebunch vrhec;.t grass 

I t  It 

Bluegrass 
Cheatgra88 

Bluegrass 
Cheatgrass 
Bluebunch wheatgrass 

It It 

110 3,500 STf 3 Ponderosa pine 150 Lb5 Pine grass 
E l k  sedge 

NE 20 75 
tl I t  

112 3 $500 Lodgepole pine 60 
Douglas-f ir 
Larch 
Ponderosa pine 

13.3 3,300 EX? 20 Ponderosa pine 100 





laye' j u s t  below t h e  s o i l  surface. The lodgepsle pine p l o t s  s t i l l  remai 
frozen t-krrougkout t h e  midwinter period. East f t h e  freezing mas of a 
granular type f r o s t  ~ s i t h  occasional spots of iznerL~ea31e concrete frost 
where t h e  snow was shallow o r  absent.  The untixbered ( o r  open) r idgetop 

the open grassland n l o t s  were general ly f r s e  of  f r o s t  during t h e  mid- 
winter period. occasionally one-half inch of concrete f r o s t  was found in 
t h e  surface horizon, but  the  area  o f  t h i s  f r o z e n  ground was not extensive. 
Spo t ty  areas of  concrete f r o s t  a l so  formed ir? t h e  ponderosa pine stands 
during t h i s  oeriod,  but  here ageir. the dureticn and  real extent of froa 
ground was ins ign i f i can t .  

Average t e m ~ e r a t u r e s  during l a t e  vrinter and early spring s t i l l  re- 
mained above normal, althaugh subfreezing t e n ~ e r a t u r e s  were experienced 
neerly every n i g h t *  Prec ip i t a t io r ,  in t h e  f o m  of snow was heavier than 
normal during l a t e  w i n t s r ,  but  e a r l y  s ~ r i n g  p r e c i p i t a t i o n  remained about 
normal. A s  the snow depth began t o  decrease, xore and more s o i l  freezing 
cccurred, l a r g e l y  t h e  r e s u l t  o f  t h e  subfreezing nocturnal  tem?erazures. 
E'rcst depth in  the lodgepole p ine  stands increased t o  as much as e i ~ h t  
inches v:l-,ers t h e  snow was s h a l l o r  o r  absent ,  m d  as much as 4x0 inches 
where t h e  s n o v ~ ~ r a s  deeper. These nor th  exmoeilres were shaded during the 
day and d id  not  b e g i r  t o  thaw until nininum t m ~ e r a t u r e s  began t o  approac 
32' l a t e r  on i n  the spring. Inpemeable frozen ground could. be f ~ ~ ~ n d  in 
dense l o d g e ~ o l e  pine stands well  i n t o  Apr i l .  The untinbered (or open) 
r idgetop and the  open grassland p l o t s  continued t o  have p a t ~ k ~ r  spots of 
~ e m e a b l c  f r o s t  tvhere t h e  snmv was s!~~,llovr. Later on, as t h e  snow cover 
on these  flat and so .~ the r ly  exposures xe l t ed  the  surface,  s o i l  froze when- 
ever  there was enough moi s tu re  present  end t h e  t e m ~ e r a t u r e  ~fmt  be lo^'^ 
freezing.  This f r o s t ,  however, was of short  durat ion,  usua l ly  x e l t l n g  by 
noon, and appeared very porous. Considerable dm1.8ge occurred t o  Young 
grass seedlings, which were showing spring growth durirrg t h i s  period,  due 
t o  continued heaving nnd settl ing. This conclition continued as 10% as 
d a i l y  snor;. me l t ing  md n o c t u r ~ a l  freezing tmpera- tures  exi sted. In  the  
ponderosa ~ i n e  stands, concrete f r o s t  occurred in t h e  snotfir-free shady areas 
me11 in to  the  spring. ROY.-ever, the areal  extent  of frozen ground continued 
t o  remain small* 

By the  middle of A~ri l  no snow o r  f r o s t  exis ted  on any of t h e  p l o t s .  
Excess ground moisture from snow nelt vas gone. No further f r o s t  observa- 
t i o n s  were made on my of the  plots. S o i l  freezing may s t i l l  be exoected, 
however, xhenever subfreezing temperatures f o l l o w  spring rains. 





S W R Y  

This study was designed t o  determine (1 )  t h e  occurrence and 
of f r o s t  i n  t h e  nredoninent range types of eas tern  Oregon, ( 2 )  the  relati& 
ship of frozen ground t o  runoff a t  t h e  t i n e  of the spring melt period, ( 3  
f a c t o r s  which a f f e c t  t h e  occurrence and character  of' f r o s t ,  

The r e s u l t s  of t h i s  study can be s m a r i z e d  a s  fol lowst  a:: 
%>+ 

(1 )  Impermeable f r o s t  occurred on a l l  f o x  of  t h e  soil-cover c q l e  
a t  one t i m e  o r  another throughout t h e  winter. 
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ch predominantly oc 
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tudi t i o n  of impermeable f reezing than any other  s o i i  cover complex SI 

(3) Impermeable f reezing was observed l e a s t  of ten  on south slopes, 
covered wi th  e i t h e r  open stands of  ponderosa pine o r  grass. 

(4) S o i l  depth and drainage c h a r a c t e r i s t i c s  appeared t o  be l e s s  imp0 
t a n t  than aspect end cover i n  determining f r o s t  occurrence. 

(5) Snow depth, which was found t o  be influenced by aspect and cover 
appears t o  be en i n ~ o r t a n t  f a c t o r  i n  l i m i t i n g  the occurrence and d q t h  of 
ixupermeable freezing. 

( 6 )  A t  no time during t h e  e n t i r e  observation period were t h e r e  exten- 
s ive  areas of impermeable f r o  zen ground. 

(7) Surface runoff over frozen ground was n o t  not iceable ,  although 
standing water was present  i n  dea r e  s st ons surrounded by impermeable f r o  6t. 

( 8 )  S t a l a c t i t e  f r o s t  accompanied by f r o s t  heaving was most c-on in 
e a r l y  winter  and l a t e  spr ing and was usua l ly  due t o  nocturne1 freezing. 
This f r o s t  was o f  a porous type and w8.s usual ly  of  short  duration. It 
occurred most commonly on south slopes and shallow so i l s .  

From t h i s  study we can conclude t h a t  under normal winter  and spring I 
conditions s o i l  f r eez ing  t akes  place in al l  the  predominant soil cover Come i 
plexes of t h e  range lands in e a s t e r n  Oregon, 

Because of t h e  d i scon t inu i ty  and l imi ted  durat ion of impermeable frost, 
i t s  e f f e c t  upon snow-melt runoff under average condit ions does not  ~ppear t o  
be an important f a c t o r  hydrologically. 4 


