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ABSTRACT . . 
Seventy-nine sediment samples from the central. Brooks Range were analyzed 

for grain-size distribution, shape and composition of gzains, and other physi- 

cal properties. Four statistical measures [sorting, mean diameter, skewness, 

and k u r t o s i s )  were then computed for the sand-to-clay size fraction of a l l  

samples. 

Fan sediments resemble the other alluvial-gravel deposits in consisting - 
of sand and gravel from which very fine sand and the smaller size fractions 

have been removed by running water. Sorting and rounding of particles is 

best at the distal ends of large fans. Modern alluvium is better sorted 

than most fan deposits, with more rounded clasts and generally higher ratios 

of sand to gravel. O t h e r  alluvial deposits from terraces and heavily dis-  

sected erosion remnants generally are comparable to modern alluvium, A I L  

classes a5 alluvial gravel are characterized by r-al ~f f ines and by de- 

creasing values of mean pl, kulrtosis, and skewness as sorting increases. Most 

samples also have high clay/silt ratios tha t  probably were caused by defla- 

t i on  on windswept brs and floodplains. 

~acustrine deposits have clay percentages ranqing fmm about 85 to 35, 

with silt  predominant in more than one-half of the samples, Several samples 

contain sand and gravel that presumably w e r e  ice rafted. Clay-sized parti- 

cles are unweathered mineral qrains, &lying t h a t  glacial abrasion was t h e i r  

primary source. 

Plow-slide deposits are very w r l y  sorted mixtures of gravel, sand, and 

silt, with clay content averaging only a b u t  one percent. C l a s t s  consist of 

angvlar fragments of local bedrock, usually schist  and phyllits, and matrix 

materials usually are highly micaceous. Although related flow types, a mud- 

flow and a debris-flow in till, are generally similar to flow-slide deposits, 



the mudflow has been modified by running water and the debris flow reflects 

the composition of i t s  parent till. other colluvial deposits ecmmtonly have - 
high silt and l o w  clay contents, but one solifluction deposit has abundant 

clay derived from till. Several of the  flow3slFdes and other eolluvfal 

deposits are polygenetic, having undergone several episodes of f l o w  that 

incorporated different types of sediment, 

Sand depos i t s  include silty floodplain and basin-fill deposits aa w e l l  - 
as f ive  relatively pure and well sorted dunal and river-bar sands. The silt- 

rich deposits probably contain large mounts of loess that fell into late- 

Pleistocene basin f i l l i n g s  and muskegs and later was redeposited on Holocene 

floodplains. The five dunal and bar sands are dominantly medium to fine 

sand: relatively we11 sorted, symmetric to coarse skewed, and leptokuxtic. 

The dunal sands can be distinguished by the presence of very fine sand: 

wind apparently is less effective than flowing water in removing the finest 

sand fraction . 
The glacial deposits consist of till, ice-content stratified drift, and 

outwash, - Till is a m r l y  sorted mixed sdirnent that resembles many f l o w  de- 

waits but typically contains mare clay. 3w clay-deficient tills r e s d l s  

fan deposits, implying effective washing by meltwater during glacial trans- 

port or deposition of these  depos i t s .  The ice-contact stratified drift  varies 

in character frm fan-like gravel deposits to sand accumulations nearly as 

well sorted as those of river bars. Almost a l l  samples reflect some restrie- 

tion in washing of fines by rneltwtter, probably owing to irregular topography 

and resulting poor drainage on and around stagnating glaciers. Most outwash 

deposits have less f ine  sand than modern alluvium, probably refleeting the 

generally high energy of glacial meltwater streams and the absence of vegeta- 

tion from their floodplains. Samples frm t h e  southern Brooks Range are 



better sorted than those from northern Brooks Range valleys, and their statisti- 

cal value$ l i e  close to those of modern alluvium. 

Comparisons between the different classes of sedfiaenta are facilitated 

by, combining Irhm into (I) gravel, (2) sand, silt, and clay, and (3 )  mixed de- 

posits. Deposits of unknown or uncertain origin may then be compared directly 

against sediments froi modern streams, dunes, flow-slides and other known 

sources, a d  aLternaCive origins of aberrant samples in each of the sediment 

classes can also be examined. S e v a a l  samples that i n i t i a l l y  were classed as 

fan, lacustrine, or glacial waved to be m i x a d  deposits created by frost- 

churning, frost-lifting of stones, flowage down faeas of river bluffs, and other 

postdepositional processes. 

Sorting and mean gJ of matrh materials were useful in distinguishing the 

different sediment classes, separating them i n t o  contrasting subgroups, and 

ident i fy ing  atypical  samples. Skewneas and kurtosis were generally less use- 

fu l  in this study. 

XPImmUcTXON 

Representative samples of unconsolidated sedftnents from the central Brooks 

Range have been analyzed for grain-size distribution, shape and mineralogy of 

grains, and other physical properkiss. These data proviaed (1) quantitative 

descriptions for engineering purposes, (2) examples of known sediment types fox 

comparison with Pleistocene samples of u n c e ~ t a i n  origin,  and (3) useful insights 

into processes by which arctic and alpine sediments form. The samples include 

a l l  s ix  major categories of Quaternary deposits mappd in the central Brooks 

Range by Hamilton (1978a, 1978331, and w e r e  subdividd fnto 11 sediment classes 

(table I). Ages of the deposits range from modern to late Tertiary(?), but 

most are Holocene to late Pleistocene and hence have not been strongly altered 



Table 1. Categories, claseas, and ages of sediment samples from central 
Brooks Range, 1977. 
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* Modern dunes derived from Itkillik-age dr i f t ,  



by secondary processes. Stratigraphic nomenclature follows w i l t o n  and 

Porter ( 1 9 7 5 ) .  Field data for eaeh sediment class are presented in a sep- 

arate section a t  the end of t h i s  report. 

Grain-size distributions of half-phi intervals were obtained by dry 

sieving a l l  sand-size material and analyzing the silt fractions w i t h  a 

hydrophotaneter (f ig.  1). A single weighk percentage for clay-size grains 

in eaeh sample also was determined with the hydrophotometer. Sieving and 

hydrophotometer techniques followed those described by Folk (1974, p. 16-35) 

and Jordan and others El 971) , respec tJarely* The Logaxi t b i c  phi ($1 scale 

was used because of its comenienee in plotting grain-size data and computing 

graphic measures. Although- log-probability curves are useful for emphasizing 

transport mechanisms Wisher, 1969), we chose to employ log-normal plots ba- 

cause of thefs more widespread use in the geological. and engineering litexa- 

ture and t h e i r  consequent greater f d l i a r i t y ,  Folk's (1974, p. 28) textural 

categories were used ko classify each sample (fig. 2 )  , and graphical pasketers 

were calculated by use of a computer program (see ''Idoratory Data" at end of 

report) . 
Sediments in the gravel size range presented problems in both colLectinq 

and analysis. To avoid excessively large and unwieldy samples, the collectors 

usually avoided large elasts, sampled mostly m a t r i x ,  and limited the mass of 

their samples to about: 500 g .  Because a sample mass of at l e a s t 1  kg generally 

is necessary to carry out size analyses on even small gravel (Folk, 1974, p. 16) 

gravel could not be included in t h e  sieve analyses. Only a single weight 

percentage could be assigned to a l l  material larger than 2 mm, and this per- 

centage is almost certainly a minimum value. In spite of the efforts to col- 

lect primarily lnatiix material, many sampf es were  stil l  dominantly fine gravel. 

This means that grain-size data are lacking for large components of many 
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Figure 1. F l o w  chart QF laboratory procedures, central Brooks Range samples. 
Analyses by 2.H. frexlerp 3r. 
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rigure 2, T e x t u r a l  classif  i c a t i a n a  with gravel  (above) and 
wi thaut g r a v s l  (below).  From Folk, 1474, p, 28 



samples. 5ur approach to dealing with large amaunts of unmeasured gravel was 

to carry out statistical analyses of gravelly samples as though they contained 

no material coarser than 2 m. This gave a mrs realistic p b t  of t he  s a d ,  

silt, and clay fractions, and enabled more valid statistfcal measures for that 

size range. 

The data sets usually are "'open-endedtt in t h a t  most samples contain either 

gravel b2 mm) that is not included in t h e  sieve analyses or clay-sized grains 

(43.9 f i )  that  are too small to be analyzed for size distribution with the hydro- 

photameter. Depending on its size distribution, each sample was treated ac- 

cording to one of t he  following four approaches: 

1. Sandy to silty deposits that lack gravel a e  

cent material smaller than 62.5  p. The weight of material f i ne r  than 

62.5 p ( 4  $) wae assigned to 4 6 and extrapolated to 44 p (4.5 8 ) .  

Extrapolation of this low weight percentage caused no difficulties. 

2. Clayey samples that lack gravel but have more than 2 .5  percent 

material smaller than 62.5 p (4 $1. The fine fraction was analyzed with 

t he  hydrophotometer which, with the associated computer program, carries 

rneasurments out to 3 .9  p (8 d l ,  determines a weight for a11 material 

f iner than 3 . 8  p, and assigns that weight to 0.006 p (14 4 ) .  With the 

exception of lacustrine deposits, few samples contained more than two 

percent of material f i n e r  than 3 .9  p. Iack of data in the 3.9 p to 

0.006 p size range therefore was a problem mainly with the lacustrine 

samples.  

3 .  Gravelly samples w i t h  less than 2.5 percent f ines.  A total weight 

percentage was entered for  a l l  the gravel in the sample and assigned to 

a generalized >2 nm fraction.  Fines were dealt  with as in the sandy to 

silky deposits. 



.4. Gravelly samples w i t h  more than 2.5 percent £ h e  material, The fines 

were treated as in the clayey samples; the gravel as in the ather gravel- 

ly samples. 

Our work has benefited from the advice and encouragemeit of many indf- 

viduafs, W e  are particularly grateful to Gretchen Luepki, wha advised us on 

hydrophotometer procedures and other aspects of granulometric analyses, and 

to A. Graig MeHendrie, who mote the computer program (I7,S.G.S. program sdszl 

employed in this study and inlzdueed us to its use. Susan Bartsch-Winkler 

and Warren E. Yeend read an earlier draf t  ef this pager and provided construc- 

t i v e  editorial comments. 

STATISTICAL ANALYSES 

Many kinds of statistical methods and measures were made easily available 

through computer processing. We chase to use the graphical statisUcs cm- 

puted according to Folk and Ward (19573. Moment measures, although quantita- 

tively more precise, were not used because of their invalidity with open-ended 

data sets (Pettijohn and othexs, 1972, p. 7 2 ) -  

Mean and median diameters and m o d a l  amlyses are eoramonly calculated from 

measured grain-size distributions (Pettfjohn and others, 1972, p. 75) .  Of these threa 

measures, mean - grain size ( i . e , ,  average grain size) is the only one that pro- - 
vided stable and easily interpreted values. Median grain size, fhe mid-point 

between the largest and f ines t  grains, is not determinable for the gravelly 

samples because o f  the weakness in the sampling program. Modal analysis, 

which ident i f i e s  peaks in the  size-frequency data, usually produced multiple 

peaks of uncertain significance when used w i t h  poorly sorted samples. 

Next to graphic mean, sorting values are probably the most widely us& 

by eedbentologists. The values calculated according to Folk and Ward (.1957) 



{tabla 21 take i n t o  account a greater portion of the grain-size distribution 

than do values calculated by other methods. Sorting is anzdogous to standard 

deviation in that larger values indicate poorer sorting. Samples w i t h  larger 

sorting values therefoh have broader size-frequency curves (fig. 3). 

Skewness measures the asymmetry of the distribution.  If the sample has 

more fine matexhl than coarse, t h e  distribution eume will be positively 

skewed, and by convention is said to be " f i n e  skewed" (table 2 and f i g .  3 ) .  

The ogposite case would give a corresponding negative or "coarse" skewness. 

The absolute mathmatical limits of skewness are +1.0 and -1.0, and f e w  

values will exceed 20.8. 

Kurtosis, a measure of the *peakednessn of a distribution, is a eompari- 

son of  the sorting near the mean w i t h  the sorting near the t a i l s  o f  a curve. 

A curve w i t h  a kurtosis value of 1.0 has pure Gaussian dis tr ibut ion.  Lepta- 

kurtic curves, w i t h  values greater than 1.1, are batter s u x t d  in their central 

portions than in their tails ( f ig .  3) .  Values less than 0 . 9 ,  which indicate 

appreciably better sorting in t h e  t a i l s  than around the mean, characterize 

platykurtic curves. Although the absolute mathematical limits of kurtosis 

are 0.41 and i n f i n i t y ,  measured values usually f a l l  between 0-67 and 3.0, 

Kurtosis values are d i f f i cu lk  to determine and probably cannot be used alone 

as environmental indicators (Petti john and o t h e s ,  1972, 76) 

FAN DEPOSITS 

Five samples were collected from fan deposits in the central Brooks 

Range (see table 3 in "Field Data" at. end of report). One sample (026) is 

frau a steep alpine fan  near a valley head; three samples are from larger 

fans in broad mountain valleys; the fifth sample (051)  is from an unusually 
- . -. ... 

large, broad, and gently sloping fan that extends 2 to 3 km ink0 the John 

Valley from the tributary valley of McKinley Creek. Only one sample 1022) 



Table 2. Sorting, skewness, and kurtos i s  values. From Folk (1974). 

SORTING 

0-35 very w e l l  sortd h a c h  sand 

0.35 to 0.5 well sorted 

0.5 to 0.71 moderately w e l l  sorted 

dune sand 

0.71 1.0 moderately sorted river dews its 

1.0 to 2.0 porly sorted 

2.0 t o 4 . 0  very poorly ~ o x t e d  shalluw auhtidal 
s i l t  and clay 

4.0 extremely porly  sorted tills, mudf l o w s  

SKEWNESS ' 

value term -1% 

+ l . O  to *0.3 strongly fine skewed river and 

+0.3 t~ 4-0.1 f ine  skewed dune sand 

+O.L to -0.1 symmetrf cal  

-0.1 W - 0 . 3  coarse skewed beach sand 

-0.3 to -1.0 strongly coarse skewed 

mms IS 

value 
- -  

less than O,67 

greater t h an  3 .0  

very platykurtic 

pla tykur t i c  

msolnrrtie 

leptokux t i .c 

very leptolrurtic 

extremely leptokurtic 
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P l a t y k u r t i c  
(dashed line i l l u s t r a t e s  
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h d 0 I 
t 

t o  bimoda3lty } v 
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t o  bimoda3lty } 

Figure 3. I d e a l i z e d  cumulative percentage and size-frequency curves, showing 
re la t ion  t o  graphic measures. A l l  p l b t s  are log-normal, 

12 



is from the surface of an active fan. All of the others were taken from 

the stream-cut faces of stabilized and vegetated older fan segments. 

All five samples are poorly sorted to very poarly sorted gravels con- 

taining less than 40 percent sand, silt, and clay (f ig.  4 ) .  Gravel. and 

sand contents are inversely related, whereas abundance of silt  and clay 

are unrelated to either of the coarser size grades. Sand content ranges 

from 17 to 34 percentr silt  is much less abundant and comprises less than 

one pereent in 3 of the 5 samples. A l l  of the samples except 062 show a 

wide range of: roundness in h t h  gravel and sand, and most samples contain 

sme subangular graf nfl (see table 13 in 'Taboratory Data" at end of report) . 
Shape of both clasts  and sand is dependent on lithology. Samples 037 and 

062 contain mostly tabular to platy grains of schist and phyl l i te ,  whereas 

the quartzite- and shale-rfch samples 022 ana 026 contain more diverse shapes. 

Sample 026, a d d y  sandy gravel, d i f f e r s  from a l l  the  others in its 

relatively poor sorting. It appears strongly bimodal, with coarse sand and 

coarse silt more abundant than the  Intervening med ium to vezy fine sand frac- 

t ions.  This sample w2is taken from a steep alpfne fan that probably is subject 

to slushflows and perhaps mud- or debris-flows during the spring snowmelt 

season. 

The remaining four samples are generally similar to each other in grain- 

size distraution, and a l l  reflect effective removal of the fine sand, silt, 

and clay fractions from fan deposits. However, soma variations between them 

probably a r e  controlled by terrain, geology, and other emrircrmental factors. 

Sample 051, which exhibits t h e  best sorting in the sand and silt  fractions,  

is from the distal end of the unusually large and gently sloping fan. 

Samples 037 and 062, which are nearly identical to each other, were taken 

from smaller fans that resemble each other in size, steepness, and age, and 



pet  ; 



occupy forested valley segments within schis t  and phyl l i te  terrane. Sample 022 

is from a fan intermediate in size and gradient between the large fan  from 

which Sample 051 was taken and t he  two smaller fans. U d y  one sample (022) 

was taken from the surface of a currently active fan, and its statistical 

values do no t '  vary systematically from the depasits of inactive fans. 

MODERN A m m  

Fourteen samples were collected from modern alluvial sand and gravel 

deposits (see "Field Data, table 41, Two samples (005 and 0431 are from 

unvegetated sand barst the remaining 12 are from unvegetated gravel bars of 

meandering streams or the active floodplains of braided s e e m s .  

A 1 1  of the samples contain abundant sand, and a l l  samples k t  one (043) 

contain 2.6 percent or less of the s i l k y  and clay fraction (f ig,  5). Clay 

appears to be more abundant than si l t  in 11 of t h e  14 samples, possibly re- 

flecting winnowing by wind of bar and floodplain surfaces, Most gravel is 

subrounded to either rounded or w e l l  rounded, and sand wains tend'to be 

aubanqular to subrounded (see "labratory Data, -la 14). 

The tm sand samples are very similar, consisting dminantly of medium 

to fine sand with nearly symmetric, rnesokurtotic size distributions.  

Sample 043 has a slightly mallex mean size and poorer sorting than 005;  

its grains exhibit a wider range of roundness and consist  whost  entirely 

of rock fragments whereas sample 005 coaains roughly equal amounts of sub- 

angular mineral grains and subangular rack fragments. The t w o  samples were  

taken from similar localities: meandering streams of comparable discharge 

in forested valleys. 

The twelve gravel samples show extrartely rapid attenuation through the 

coarse ta medium sand range, with very fine sand almost as rare as silt and 

clay i n  most cases. Sample 029 is unique in its high gravel content, virtual 





absence of coarse to medium sand, and abundance of the f ine  to very f ine  sand 

fraction. Its unusual size distribution may be the result of some error in 

sampling or analysis. Two mutually similar smp2es (007 and 028) are un- 

usually sandy, with coarse and medim sand about equal to gravel in abundance. 

Sample 063 differs frcrm the others in its high percentage of  gravel and in 

its high sorting, skewness, and kurtosis values. Most of the remaining 

e i g h t  samples are similar to each other, and their propartiea tend to range 

through a nsrxrow set of values rather than cluster in separate groups. 

No d i s t i n c t  relationship is apparen-t: between physical properties and 

geologic settings of the 1 2  gravel samples. The nearly ident ica l  samples 

007 and 028 are from entirely different settings: sample 007 is from a 

large stream meandering at l o w  gradient through a forested floodplain, 

whereas sample 028 was taken frm an aufeis  zone along a gmaller, steeper, 

braid& stream in the arctic tundra. Sample 063, which is unique in sevexal 

respects, is from a small meandering river in the southern Brooks Range that 

is similar to the streams that yie lded  samples 036, 050, and 057- 

The individual size-distribution curves seem to provide little infor- 

mation that can be used far such specific environmenkal interpretations as 

gradient ,  channel pattern, or local vegetation. Variance in sediments along 

most st terns  (between pools and riffles, for example) probably is nearly as 

great as the total range of values between the gravel samples. However, 

a l l  of the alluvfal deposits are characterized by deficiency of particles 

smaller than  f i n e  sand, and the sandy and gravelly samples form t t~ ,  d is t inct ive  

sets of values for comparison against other sand and gravel deposits 02 un- 

certain origin. 



AZLWIAL-TERRACE AND 0- GRAVEL DEPOSITS 

Three samples of late Quaternary river gravels were collected frm 

alluvial terraces in the John Valley drainage system (see "Field Data", 

table 5). Two of the terraces occur upvalley frew the Itkillik 11 end 

moraine an8 therefore are younger than that qlacial  advance. They possi- 

bly are related to late Ttkillik glacial stillstands farther upvalley. 

The third terrace (sample 0423 occurs in a tribukary valley that was not 

g l a c i a t d  during I t k i l l i k  XI time, but probably was alluviated duxing that 

interval. A 1 1  three terraces most l i k e l y  were created by latest Pleistocene 

to e a r l y  Holocene downcutting through the thick Itkillik deposits of the John 

Valley system. 

Twcl additional samples were collected frarn weathered alluvium of late 

Tertiary or early Pleistocene age in positions well above modern valley 

floors, Sample 002 is from residual gravel knobs at the south flank of t he  

Brooks Range: sample 021 is Prom a widespread high terrace that lies beyond 

the outer limits of northern Brooks Range glaciations. 

Sample 021 is unusual in its relatively poor sorting, bimodal size dis-  

tribution, and relatively abundant si lt  and fine to very fine sand (fig. 6), 

Stones show a wide range of rounding, shape, and compositions: sand grains 

range from fresh and angular to well rounded and frosted (see "laboratory 

Data", table 151. Graphic measures indicate a relatively small mean size, 

very poor sorting, and a low kurtosis value. This sample was taken from 

gravel that has been subjected to weathering and other postdepositional 

processes for at least several hundred thousand years. Its unusually high 

silt content could be the result  of weathering of the  parent: material and 

perhaps admixture of loess. 
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ALL other samples consist  of sand and gravel w i t h  f i ve  percent or less 

fine sand, silt, and clay ( f i g .  6 ) .  Although percenhges are very small, 

clay c o n t e n t  appars consistently to be 3 ta 4 times greater than silt con- 

tent (see "laboratory Data", table 15). The sandiest and least  silty of 

the samples (053) i a  the best sorted and has the most symmetric size dis- 

txibution; it contains the most angular clasts and also the most angular 

sand grains. Sample 042 has the moat abundant clay, and as a result: is 

the most poorly sorted of the group and has strongly positive skewness. 

The most gravel-rich smple 1055) is similar to satnple 042 in its v e r y  

poor sorting, posi t ive  skewness, and high kurtosis value; some clasts are 

well rounded, and many show secondary breakage surfaces. Sample 002,  t he  

oldest in this group, ia a clean sandy' gravel with rounded to w a l l  rounded 

stones that are compact in shape and commonly are fractured. The sand frac- 

t ion is at least 50 percent quartz and is somewhat more angular than the 

gravel; it contains a f e w  well rounded and frosted grains. 

Samples 002,  042, and 053 resemble modern alluvium in grafn-size d i s -  

tribution, rounding, composition, and statistical measures. Sample 055 ,  

which has unusually high gxavel content, also contains exceptionally well- 

rounded grains and, locally,  a very well wash4 granule-mall pebble matrix 

(see "Field  Data", table 5). This sample was obtained from a locality where 

two valleys join and where complex late-Pleistocene drainage changes took 

place. It may be polygenetic in orfgin, including lacustxine or basin-fill 

sediments and alluvial-fan deposits in addition to alluvium. 

LRCUSTRf NE D W S I T S  

Lacustrine sedhants  were sampled at eight local i t ies  where ftkillik- 

age glaciers or their moraines damned valleys within the Brooks Range and 

its foo th i l l s  (see "Field Data", table 6 ) .  In f ive cases (samples 040, 044, 



048, OSB, and 1781, glacier icemoving throughmainvalleysdammed l a k e s  . 

in the lower courses of unglaciated tributaries. A t  two other localities 

(samples 032 and 0611, lakes formed in glaciated main valleys as ice fronts 

retreated frm terminal moraines. A t  the remaining locality (sample 0111, a 

proglacial lake was formed during advance of an I t M l l i k  I glacier into foot- 

h i l l s  beyond the  s w t h  margin of the Brooks Range. 'RJo additional samples 

(136 and 137) define the  coarsest and f inest  lacustrine beds at a site where 

a representative sample (048) was also taken. 

Most of the lacustrine samples show possible effects of ice rafting, 

A15  samples are poorly sorted to extremely poorly sorted, and 6 of the 10 

con ta in  sand and gravel in mounts ranging f r o m  traces to about 50 percent: 

(fig. 7 ) .  Silt-clay ratios range from 9:l to 1:s (f ig.  8 ) ,  and silt is the 

predominant size class in six samples. The sand grains range from angular 

t o  roundd, in most cases tending toward angular w i t h  sane euhedral grains 

(see "labratory D a t a " ,  table 16). Puartz is t h e  dominant mineral in the 

sand fractions, w i t h  calcite, micas, pyroxenes, and amphiboles also present, 

but rock fragments occur in a l l  sandy samples and dominate the sand fractions 

of samples 040 and 061. Fine gravel, present in four samples, ranges frcm 

subangular ta rounded and consists entirely of rock fragments. 

W samples w e r e  analyzed by x-ray di f fract ion to determine m p ~ s i t i o n  

of the  f ine  fractions. Sample 044 was selected as representative of the  

silt-rich samples, and sample 137 was chosen as the  most; plastic and the 

richest: in clay-sized mineral grains. Zknalyses of both samples show that  

a l l  of the f ine  constituents awe prbary mineral grains and that no expand- 

able clay minerals are present (see "Laboratory Data") , 

Samples 044, 048, and 058 are similar to each other in their abundant clay 

and very fine silt percentages and in t h e i r  skewness, sorting, and kurtosis 
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values. All three samples foxmed in tributaxy valleys that were damned by 

Xtkillik I1 glaciers. Samples 048 probably formed w h i l e  ice was awancing, 

dnd was later bur id  under a till deposit. Sample 044 formed just beyond 

the fee l i m i t  during the time of maximum glaciation. The relatively sandy 

sample 058 formed within the I t k i l l i k  dr i f t  sheet during a stillstand or 

minor readvance of the ice front. The size-frequency curves af samples L36 

and 137 fonn silt-rich and clay-rich end members that enclose the other 

three cuwea. i 

Samples 040 and 178 are frm somewhat coarser deposits t h a t  also formed 

in glacierdaumed tr ih taxy  valleys. The t w o  samples are similar to each 

other in the fine silt through clay fractions, but 040 contains relatively 

abundant sand and gravel whereas 178 has a hiqher si lt  content. Sample 040 

formed while ice was advancing, and was later buried under a till. It might 

contain some outwash from the ice front. Sample 178 famed at the m u t h  of 

a small stream several hn up a tributary valley fmra the ice dam at its 

mouth, and may represent the d i s t a l  portion of a delta. 

Samples 011 and 032 axe the best sorted of the ten samples, with a silt 

percenkage greater than 80 in each cage. In contrast to a l l  other lacustrine 

samples, these  two are from deposits that formed in very paoriy drained 

baains of Itkillik I age that experiencd several later episodes of eolian, 

fluvial, thaw-lake, or muskeg deposktion and reworking. Sample 011 is from 

a sha1I.m auger hole into a muskeg-thaw lake complex of Holocene age; sample 

032 is from a poorly drained Holocene floodplain. In both eases, the sedi- 

ments are relatively enriched in silt  that may have originated as loess 

during the ~tkillik X I  glaciation and then been intermixed with younger 

organic matter during subsequent thaw-lake or muskeq dwelopent. 
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Sample 061 was t a k a  Prom the face of a river bluff w h e r e  downslope 

'flowage had caused some mixing of. sediments. Its unusually high gravel 

and sand content probably resulted frm secondary mixture rather than pri- 

mary ice rafting. Its stones are unusually well rounded compared to the 

other gravel-rich samples, suggesting possible incorporation of alluvium 

that perhaps once farmed a thin cap above the lacustrine deposit. 

FLOW-SLIDE DEPOSITS 

Flaw slides--large lobate boafes of s1owl.y flowing andtor) s l id ing  

rock debris-are particularly abundant on valley walls oversteepened by gla- 

cial erosion of the weakly resistant schists and phyllites that underlie 

much of the south-central Brooks Range (Hamilton, 1978al. Such lithologies 

weather readily to yield platy rock fragments and micaceous matrix that are 

readily susceptible to s l iding and flowage: Eight samples were taken from 

active flow-slide lobsst a mudflow in phyllite (sample 0563 and a debris 

f l o w  in till (sample 085) also were sampled for comparative study (see 

"Field Data", table 7) . 
The eight flow-slide deposits are very poorly sorted mixtures of gravel, 

sand, and f iner  particles (fig. 9). Gravel pr&minates in most samples, 

with sand usually second in abundance. Silt percentages range between 

about 13 and 30 in most eases, whereas clay usually averages about 1 percent. 

Gravel and sand particles are angular to subangular and usually tabular (see 

"Laboratory Datan, table 17). Stones are dominantly schist and phyllite; 

sand grains are composed of quartz, mica, and tabular metamoxpbic ruck 

fragments. Most samples s b w  a moderate t o  strong size peak in'the very 

fine sand tu coarse silt range. 

Samples 041 and 149 are end members of a range of size distributions 

that shows little clustering ( f ig .  91, As the gravel percentages deerease, 



Figurm 9,  Curnulatire percentage p l o t s  ind ternary diagram, ~ l a r m l i d a  dapoaite. 



the coarse-silt peaks tend to become stronger and sorting becmes generally 

porer. Gravel-rich samples such as 041 tend toward positive skewness 

whereas gravel-deficient samples such as 149 tend to be negatively skewed. 

Most samples have platykurtie size distributions, w i t h  kurtosis values 

showing l i t t l e  relation to gravel content. Properties of the flow-slide 

deposits show close relationships to their geologic settings.  The gsavel- 

rich samples 041, 094, 095, and 097, from typical Elm lobes developed on 

schist  and phyllite, were sampled where incised by axial s k r e m s  along 

the centers of narrow mountain valleys. Samples 059 and 098, which a r e  

similar to each other in their relatively l o w  gravel and high silt contents, 

were taken frm remobilized f l o w  deposits in which f ines  apparently became 

concentrated. Sample 059 is fraea a secondary flow generated from a land- 

s l ide  deposit on the f l ~ o r  of a relatively broad-valley. The f l a w  may con- 

t a i n  valley-fkll deposits admix& with the landslide debris, and the un- 

usually high clay content OF this sample 112 percent) could be due to incor- 

portated lacustrine sediments. Sample 098 is from a muddy debris apron at 

the  base of an active lobs front. This apron apparently represents a con- 

centration of fine-grained matrix materkal washed from the lobe front by 

rainfall and meltwater. Sample 110 has a low gravel content similar to 

those for samples 059 and 098, but contains more sand and has an unusually 

even size gradation through all fractions of the sand-tu-silt range. This 

sample is f x m  a shear zone in bedrock along the headwall of an active rub- 

ble deposit that appears transitional. i n  character between rock glaciers and 

flow-slides. Granulation of vein quartz along t he  shear zone might account 

for the  unusually abundant and well-graded sand in this sample. Sample 

349, which differs from all of the others i n  its vety high content of 

orginie-rich silt, was taken from the lower wall of a valley mat was ice- 



free but dlammea at its mouth by a glacier during Itkillik 11 the. Lacus- 

trine sediments, exposed at and near the valley center near the sample site, 

possibly axterid up. the valley *a51 to the altitude where sample 149 was 

taken. 

Samples 056 and 085, from a mudflow and a debris f l o w  in till, show 

general sfmilarity to kha four typical flow-slide deposits but l ie at the 

t w o  extremes of their range of values (f ig.  9 ) .  The fanl ike  mudflow deposit 

from which sample 056 was taken contains surprisingly abundant sand a d  

gravel, w i t h  t o t a l  silt plus clay content less than four percent. Fines 

may have been washed from this deposit during or after the time of its 

formation. Sample 085, fern a debris flow on the flank of a moraine, is 

relatively deficient in m u s e  to medium sand but contains abundant sedi- 

ment in the fine sand through medium silt fractions. This s i ze  distribu- 

t ion may reflect composition of the parent till. 

OTEEER COUWIAL DEPOSXTS 

Four samples representing three separate types of eolluvflll~ are com- 

bined in t h i s  category. Samples 031 and 114 are matrix materials from 

rock-glacier rubble, sample 064 is frm a solffluetion deposit, and sample 

020 is fxm a small flow lobe at the base of an abandoned river bluff 

(see "Field Data", table 8 ) .  

30th of the rock-glacier samples are very pcorly sorted silty sandy 

gravel with virtually no clay-size material (fig. 101, and consist mainly 

of schist and phyllite fragments (see "Labratory DataM, kable 18). Both 

clasts and sand grains are angular, Raving tabular to elongate shapes t h a t  

ref leet cleavage planes. Sample 031 is very micaceous and contains a sul- 

pherous alteration mineral, whereas sample 114 consists of non-micaceous 

rock fragments. 
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The solifluction sample (0643 is very poorly sorted gravelly mud w i t h  

an unusually high content of fine s i l t  and clay. Beth gravel and sand parti-  

cles are angular and schistmse, with-quartz and mica also abundant in the 

sand and silt fractions. Grafn-size dfstribution is negatively skewed and 

platykurtic, and t h e  size-frequency plot shows distinct modes at 5 and 7 pl.  

Sample 064 was taken frm a glaciated mountain valley, where the solifluc- 

tion apron may include redeposited clayey till as w e l l  as t h e  products of 

postglacial weathering. 

Sample 020, taken frcm a highly organic f l o w  lobe, is a very silty sand 

with more than 4 0  percent silt, almost no clay, and no grains larger than 

2 mm. The inorganic fraction is almost entirely poorly sorted subanqular 

to subrounded quartz sand and has a symmetric and mesokurtic size distribu- 

t ion.  The organic fraction is composed of 50 percent charcoal fraqmenta, 

with wood and leaf debris making up the balance. The f l o w  Lobe terminates 

on a floodplain surface, and may have incormat& s i l t y  sandy overbank 

depusLts during its advarrce. 

SAND DEPOSITS 

Eight samples of moderately w e l l  sorted to poorly sorted sand, gravelly 

sand, and silty sand were collected frm fluvial  and eolian depostis (see 

"Field Data", a b l e  9 ) .  Four of the samples (001, 009, 012, and 038) proba- 

bly were deposited initially by slow-moving streams within basins partly 

damned by end moraines of Itkillik age. Some of these sediments could have 

been rewrked by wind into sand sheets on partly vegetated floodplain sur- 

faces. Two other samples (023 and 046) are clearly eolian, and are associ- 

a t e d  with active dunes and blowouts. A final pair of samples (0524 and 

1952B) was taken from a sandy to silty Holocene floodplain that was in part 

redeposited frm a late Pleistocene basin filling. 



Samples 023 and 046, the dunal depasits, are relatively well sorted, 

m e d i u m  to find sands containing l i t t l e  si lt  (fig, 11). Sample 023 con- 

t a ins  same clay-size m a t e r i a l ,  and its sand grains are predminantly sub- 

angular to subrounded phyllitic rock chips  (see "Laboratmry Datan, tabla 19) . 
Sample 046 is a calcareous sand w i t h  almost no silt or clay, and its 

grains are more rounded than those of sample 023. Both samples are moder- 

ately sorted to moderately well sorted and leptokurtic, 

One of the basin-fill deposits (009) is nearly identical  to the two 

dunal samples in its grain-size distribution and in most graphic measures. 

It has slightly more silt than either of the dunal samples, and its sand 

grains are relatively angular and consist primarily of mineral rather than 

rock fragments. Although sample 009 is from a bluff exposure cut into an 

inferrd basin f i l l i n g ,  its similarity to the ttf~ dunal samples suggests 

that the deposit may have been of eolian origin where sampled near the 

crest of the bluff .  

Samples 001, 012, 0524,  and 0528 are extremely silty i n  mparison to 

the group of dunal samples, and consist dominantly 140 to 60 percent) of 

grains in the very  fine sand to coarse silt range. of the samples (001 

and 012) are relatively well sorted and nearly devoid of clay-sized grains; 

the other samples (052A and 0523) are more poorly sorted and contain 5 or 6 

percent clay. Sand and silt grains are more angum than those of the  dunal 

samples, and quartz is a more Important constituent. Samples 052A and 05ZB 

con ta in  more fine silt and clay than any o f  the other samples and are more 

poorly sorted. These characteristics are compatible with their origin on 

a klocene flaodplain, w h a t 3  a compleu~ of Pleistocene-age sediments was re- 

deposited in the presence of silt-trapping vegetation. Samples 001 and 012 

are intermediate between the floodplain and d w a l  samples in grain size, 
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sorting, and other physical c~ac ter i s t l c s .  This is compatible with their 
. . 

inferred deposition in barren whdswept depositional basins thae formed be- 

hind IEkillik-age moraines during glacial  recession. 

Sample 038 is unique among the sand samples in its high gravel content 

combined with its very low abundance (6 percent) of fine to very f i n e  sand. 

Stones are rounded to subrounded, cmonJ.y fractured, and conds t  mainly of 

schist and phyllite. The sand fraction is primarily quartz, and grains em- 

manly are angular. This sample was taken from a soil pit, and its gravel 

eoncent plus fractured stones suggests that it may have been subjected to 

frost mixing and other freeze-thaw processes. Rowever, the l o w  abundance 

of paxticles finer than m e d i u m  sand indicates that the original deposit 

probably was n o t  a basin fill sfmilax to any of those fxm which samples 001, 

009, or 012 were taken, 

TTLZ D%POSf TS 

Five samples of till were taken fzm drift of Xtkjllik age (see "Field 

Data", table 10) . Sample 010 is f x m  the crest of an r t f d l l i k  I end moraine; 

sample 034 is from the Inner f lank of an ftkiflik 11 lateral moraine. Sam- 

ple  017 is £ram the actively cavhg margin of a kettle pond, and both OlE 

and 030 are frm deep stream cub that expose basal tills, 

All of the samples are poorly sorted to very poorly sorted mixtures of 

gravel, sand, and silt, with less than three percent clay in 4 of the 5 

specimens (fig . 12) , Most gravel is ro-ed to subround&, and many parti- 

cles are fractured (see "Labratory Data', Wle 2 0 ) .  They consist prtmarily 

of metamorphic rock fragments, whereas sand grains consist  of quartz and : 

rock fragments in more nearly equal amounts. Sample 014 has a double mods 

at 3 4 and 5 d; a l l  othes samples have a single mode neax 4 d. 
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Sample 018 di f fers  from the other four in i t s  l o w  gravel content, 

abundant aand and coarse silt, and presence of concretions that have fdxmed 

as weathering products. This sample was taken £ram a soil p i t  along the 

crest of a.morartne, where meltwater activity probably caused appreciable 

s a t i n g .  Postdepsitional weathering and soil formation probably have 

affected grain-size distribution in this .sample, 

The remaining four aamples comprise tw sets with contrasting character- 

istics, Samples 018 and 030 are relatively well sorted and def ic ient  in 

fine sand, silt, and clay. Pebbles are subangular to well rounded, and both 

gravel- and sand-size particles are dcnrfnantly rock fragments. Samples 014 

and 017, in contrast, have sauewfiat less gravel and considerably mare si lt  

and clay. Their stones are somewhat more angular, and aand fraetfens con- 

sist predominantly of quartz grains. The nearly identical samples 018 and 

030 are both from deep exposures within the K f l l i k  Valley, and are derived 

from relatively quartzose lithologzes, Other aspects of their geologic set- 

tings are radically different however. Sample 010 was obtained from a broad 

piedmont drift Lobe at tha north flank of the Breaks Range whereas sample 

030 came froat a eonfined mountain valley with a relatively steep gradient 

and relativaly uniform lithology. The siltierr less sorted, and less uni- 
', 

form samples 014 and 017 were obtained from the upper N i g u  Valley, where li- 

thologies are dominantly shale and sandstone. Sample 014 was taken near the 

upper contact o f  a till deposit exposed on a slope where sol i f luct ion has 

been active. Its very poor sorting, high silt and c l a y  content, and bho- 

dality may be due to admixture of t h e  till w i t h  late-glacial loess and post- 

glacial solifluction deposits. Sample 017 is from a broad l o w  pass where 

glacial meltwater would tend to beccane ponded rather than flow actively. 

Its relatively high si lt  and clay content probably reflect this low-energy 



ICE-CONTACT STRATIFIED DRIFT DPOSI'PS 
. - 

The twelve samples of ice-contact strat i f ied d r i f t  represent a broad 

spectrum of glacial deposits [see "Field Dataw, table 11). Sample 013 is 

from a probable outwash sheet deposited on top of a stagnant glacier; s m -  

plas 033 and 060 are Prom probable eskers; samples O16A, 016B, and 019 are 

from massive deposits of superglacial dr i f t .  Samples 039 and 045 are Erm 

stream deposits la id down in slowly moving to standing water bodies along 

the margins of valley g1aeier.s; samples 034 A through D are frm a bluff ex- 

posure cut i n t o  a diverse assemblage of stagnant-ice depos i t s .  Ten of the 

samples are of  Jtkillik II age. One of the  others (039) dates frm the rtMlli_k 

I Glaciation and t h e  remaining sample (060) is 05 late I t k i l l i k  age. 

T k e e  samples 1016~, 03K, and 0451 contain If M e  or no gravel, and 

aria better sorted than most of the others (f ig.  131. Skewness values are 

near symmetry, and a11 three samples are leptokurtic (see "Latmratory Dataw,  

table 211. Samples 016B and 03412 are fine-skewed s i l t y  safids w i t h  no gravel 

and with less than four percent fine silt  and clay, whereas sample 045 is 

coarse-skewed, less well sorted, and contains about SO percent silt as well 

as a small  mount: of gravel. 

Sample 039 also is relatively well sorted, and has skewness and kurtosis 

values very close to those of samples 0163, 034C, and 045. Both 039 and 045  

w e r e  e k e n  from deposits probably laid down in standing to sluggishly moving 

water along former glacier margins. Samples 016B and 034C could reflect 

similar environments, although both are from subsurface stsatigraphic units 

t ha t  cannot be related to contmpotaneous surface morphology. 

Seven of the eight r a i n i n g  samples have gravel contents greater than 

62 percent, poor to very poor sorting, and relatively l i t t l e  matrix material 

in the fine sand to coarse silt range. Gravel and sand grains are subangular 





to rounded, and stones ccamnonly are fractured. Sample 013 is from probable 

superglacial outwash, and samples 033 and 060 are f r h  esker-like ridges 

that probably w e r e  deposited by meltwater streams flowinq beneath stagnating 

glacier ice. These three samples may define a range of grain-sfze values 

characteristic of superglacial to suMlaeia1 m e l t w a t e r  streams. Four some- 

what shilax samples ( O I ~ F I ,  019, and 034 A and 3) may have formed under cm- 

parable emriroments. Sample O l a A  is from a geologic setting similar to 

that of 013, although gradients are gentler and stream energy presumably was 

less. Samples 034 A and B are from superglacial drift that may have been 

fur ther  washed by meltwater as glacier ice retreated, Sample 019 is Exan a 

massive deposit of superglacial drift that underwent an unknown mount of 

rewarkfng hy meltwater, 

Sample 034D, a bedded and presumably water-laid gravel, is intermedfate 

in character between the sandy and gravelly end members of the ice-contact 

stratif id d r i f t  deposits. 

OUlWASB DEPOSITS 

Six samples were taken from outwash terraces t h a t  range in height be- 

tween 11 and 30 m. One of the outwash deposits is of Sagavankktok age: the 

others range in age from Itkillik X through late Itkfllik (see "Field Data", 

table 121. 

All six samples are remarkably similar in grain-size distribution of 

matrix materials (fig. 14). Compositions range from sandy gravel (3 samples) 

to muddy sandy gravel f 3  samples), with sand abundance between 25.6 and 41.2 

percent. Combined clay, silt, and very fine sand is five percent or Lass 

in a l l  cases. The samples also are very similar in texture, with gravel 

rounded to subrounded and sand grains somewhat more angular Csee "Laboratory 

Data'', table 22) .  Only sample 006, of pre-Itkillik age, contains fxactured 
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stones. Rock fragments are an important emp0nen.t: of both gravel and sand 

grains. Quartz also is present in every sample, and dominates the-sand frac- 

tion of samples 006 and 008. 

Samples 003 and 006 differ from the others in their lower gravel con- 

tents and lower values for d i n e d  silk and clay. These relatively sandy 

samples are better sorted, more mesokurtic, and more nearly syrrrmetrical than 

any other outwash samples. Samples 015,  024, and 025 fom a contrasting 

group that is characterized by relatively poor so~tiag, strong positive skew- 

ness, and high kurtosis values. Sample 008, like 003 and 006, is relatively 

well sorted and deficient in very fine sand, silt, and clay; but it has 

intermediate skewness and kurtosis values. 

The three relatively w e l l  sorted sandy gravel samples (003, 006, and 

008)  are a l l  from valleys at and beyond the south flank of the Brooks Range 

that lie at l o w  altitudes and have relatively gentle gradients, The better 

sorting of these samples and their relatfve deficiency in fine sand, silt, 

and clay probably reflect relatively effective size segregation by meltwater 

streams during sediment: transport. The three less sorted samples (015, 024, 

and 025) are a11 from mountain valleys within the northern Brooks Range 

where gradients are relatively steep and source areas nay have been close. 

The most m r l y  sorted among these samples 10251 is from an outwash terrace 

that probably was deposited close to or in contact with stagnating glacier 

ice. 

COMPARISONS BETWEEN SEDIMENT CUSSES 

Gravel Deposits 

Gravel is the dminan t  size fraction in 6 of the 11 sediment classes 

dfscuasec? in previous sections. Three of these classes (modern alluvium, 

fan sdiments ,  and outwash) comprise deposits of known origin a d  fairly 



well defined enviromental controls. The remaining three classes Iice-con- 

tact: stratified drift, alluvial-terrace deposits, and other gravel deposits) 

consist of sediments that formed under less certain depasiticmal enviraments, . 

In this section, w e  compare grain-size statistics of modern alluvium against 

those of fan sedimenks and outwash, then use these values as standards against 

which the other three classes of deposits can be evaluated. 

Modern alluvium, fan deposits, and outwash contain abundant gravel (40 

to 80 percent) and coarse to medium sand (15 to 50 percent), With t w w  ex- 

ceptions (007 and 028) ,  a l l  samples contain 20 percent: or less o f  particles 

in the m d i m  sand and finer fractions (f ig.  IS). Total content of very 

f i ne  sand, silt, and clay is less than f ive  percent in nearly all, cases, at- 

testing to the effective winnowing of fine particles by flowing w a t e r .  

meluding samples 007 and 028, modern alluvium foms an envelope of 

values that nearly coincides with the combined sets of values for fan depos- 

its and outwash. The six outwash samples show a very close grouping of values, 

w i t h  consistently good sorting through t h e  sand range and relatively l o w  per- 

centages (four or less) of the very fine sand through clay fractions. Out- 

wash values l ie  generally within the range of modern alluvium, but differ 

slightly in the relative scarcity of f ine  to very fine sand in the outwash. 

Highly effective winnowing of fines from outwash probably is a consequence o f  

the higher enerqy of glacial meltwater streams and general absence of silt- 

trapping vegetation from t he i r  ILwdplains. The fan deposits show genexally 

poorer sorting through the sand range, and contain m o r e  gravel and fine to 

very fine sand than is present in typical  samples of outwash and modern al- 

luvium. Most fan deposits l i e  within the range of values for modern alluvium, 

but sample 037 contains more gravel and proportionally Less sand. 
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The nine samples of gravelly ice-cantact stratified drift show a range 

of  values samewhat greater than the combined values for modern alluvim, fan 

deposits, and outwash (fig. 16). Sample 034D, which contains a b u t 1 5  per- 

cent fine to very fine sand and more than 5 percent si lt  and clay,  may have 

formed where meltwater velocity was abruptly checked--perhaps in a deeper 

body'of sluggishly moving water. The gravel-rich samples 034A and 034B 

show similar poor sorting and abundant fine fractions, resembling fan depos- 

its rather than typical. alluvium or outwash. These three samples, together 

w i t h  the  sand sample 034C (see following section>, suggest that the 034 sam- 

ple series possibly was taken from d r i f t  deposited in a fan-delta cmplex on 

a stagnating glacier, Sample 013 differs f r o m  the other gravel samples in 

its very high gravel content combined with negligible amounta (1.6 percent 

total)  of silt and clay. Sorting through the fine sand range is poorer than 

in most outwash deposits, and m o r e  elasely resembles that of several of the 

alluvial-fan samples. Despite its field se t t ing ,  sample 013 clearly is not 

typical outmsh; it possibly formed where m e l t w a t e r  f l o w  abruptly became 

blocked or depleted. Sample 039, which has the lowest gravel content, has 

abundant coarse to medim sand but very l o w  percentages of fine sand and the 

smaller size fractfons, Although famed in an eanbayment along the margin 

of a glacier (see "Field Data", tabla 111, the depas i t  clearly was washed 

by water flowing with sufficient velocity to carry away most of the fine 

particles frm the incminq sediments. The other four samples of ice-contact 

stratified drift have values close to the average for outwash and alluvium, 

but  have slightly less effective washing of wains in the f i n e  sand range. 

They are better sorted than two of the fan deposits, but are virtuaZly indis-  

tinguishable from the two samples taken fxom d i s t a l  portions of Large fans. 
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The r a i n i n g  four gravel deposits also have a range of values that 

generally is comparable to the envelope of values for modern alluvium, fan 

deposits, and outwash (f ig.  17). Gravel content is highly variable {about 

42 to 84 percent), but  a11 four samples show similar depletion of particles 

in the fine sand, silt, and clay fractions. Total content of particles 

f i ne r  than medium sand is less than five percent in all four cases, indi- 

cating a degree of water-washing as effective as that among the outwash 

samples and the best sorted samples of modern alluvium, Sample 053 has a 

gravel content as low as the t o  gravel-deficient samples of modern alluvi- 

um, but is better sorted through the  fine sand fractionsr samples 022 and 

042 l ie  w i t h i n  the most common range of modern alluvial samples and also 

generally coincide with values for outwash and for the two better-sorted 

fan deposits. These three depos i t s  appear to consist entirely of alluvium. 

Sample 055,  of possible plygenetic oxigin, Lies part ly  outside of the values 

f o r  a l l  okher gravel deposits owfng tm its very high gravel content (83.5 per- 

cent) cmbined wi th  re la t i v e l y  l o w  percentages of fine sand and silt. It 

is s imilar only to one sample of ice-contact stratified drift (0131. 

Comparfsons of mean diameters, sorting, skewness, and kurtosis of matrix 

materials show additional. relationships between the gravel samples (fig. 18). 

Sorting increases progressively as mean diameter increases in a11 classes 

of samples (f ig.  18A), reflecting the relative scarcity of the fine fractions 

in t he  better-washed deposits. Skewness and kurtosis show corresponding rela- 

tionships, w i t h  the best sorted samples generally exhibi t ing  the greatest 

syrmnetry and relatively mesokurtic values (fig. 18B). Tho most poorly sorted 

samples generally are strongly fine skewed and extremely leptokurtic. 

With the exception of the gravel-rich sample 063, the modern alluvium 

forms an assatblage characterized by relatively good sorting, large mean 
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diameters, low positive skewness, and very platykurtic values (shaded on 

f ig .  18). %n deposits have the poorest average sorting of any group, but 

2 of the 4 samples have values close to those of the less w e l l  sorted samz 

ples of modern aLLuvim; A l l  fan deposits are strongly f ine skewed, with 

values lying outside of the cluster of values for modern alluvium, but 

kurtosis values are highly scattered. The outwash samples are divis ible  

' into a very poorly sort&, fine-grained, northern Brooks Range assemblage 

and a better-sorted cluster of southern Brooks Range sediments w i t h  generally 

coarser matrix. The three northern Brooks Range samples axe strongly fine- 

skew& and highly leptohxtic, with values close to those of the t:wo less 

w e l l  sorted fan deposits and the aberrant alluvial sample 063. Two of the 

southern Brooks Range sample8 (003 and 006) usually l i e  w i t h i n  the range of 

values for modern alluvium whereas sample 008 lies slightly outside it. 

The widely scattered values for lce-eontack sfxakified drift resmble  

modern alluvium in the rate at which sorting increases w i t h  increasing mean 

dimeter. Skewness ana kurtosis show no apparent inter-relationship however. 

Kurtosis tends t o  be higher among the bet:t:er-sorted smples, but with aeveral 

pronounced exceptions. The ice-contact deposits generally are less well 

sorted than modern alluvium, and 5 of the 9 samples are more leptahxtic.  

Most samples are slightly finer-skew& than modern alluvium, but values of 

the two groups overlap slightly. Saraple 03UC lies w e l l  within the cluster 

of modern-alluvium values in all cases, and 013 always lies close to its 

margin. 

The three terrace depasits and the preglacial(?) gravel also have wide- 

ly scattered values. Among the terrace deposits, sample 053 lies entirely 

w i t h i n  khe nomal range for modern alluvium, whereas 042 more closely 

resables the most poorly sorted outwash deposits and 055 has intermediate 



sorting and kurtosis values. The preglaeiall?) gravel sample lies near the 

best-sorted and coarsest-matrix end members of the modern alluvium assablage , 

and also has skewness and kurtosis values typical of maern alluvium. . -  

Sand, Silt, and Clay Deposits 

 he medium sand through c l a y  fractions are dominant in 21 samples which 

are divis ible  into seven general groups (figs. 19 and 201, Three samples of 

moderately w e l l  sorted nearly pure sand axe from dunal deposits, and two 

similar samples are frat sand bars in modern rivers. Seven samples con- 

taining more than 50 percent clay and very f i n e  silt are from deposits that 

farmed in standing water w i t h i n  former lake Basins, The remaining nine sam- 

plea are intermediate in tex ture ,  ranging Prom silty fine sand to s i l y  clay. 

W e e  of these  smplea are from ice-contact stratified d r i f t ,  and three sam- 

ples are from Holocene floodplains. % other samples are from basin-fill 

deposits, and the f i n a l  sample was taken from a muskeg. 

A l l  three dunal. m p l a s  are characterized by dominance of medium to Fine 

sand, w i t h  lesser amounts of very fins sand (about 15 percent) and coarse 

sand (about 5 percent). Minor quantities of silt and clay also are present, 

and sane very coarse sand occurs in one sample. Mean diameter 5s consistently 

high for a l l  samples, and sorting is relatively good (fig. 2U). Neither 

skewness nor kurtos i s  values appear to be d i s t i n c t i v e  for the duhal samples 

(fig. 2D). 

The twa samples taken frm sand bars in modern rivers show g o d  to mod- 

erate sorting comparable to the dunal dtkposits, and mean grain size values 

also l i e  with in  the dunal range (f ig.  2U3. Winnowing of the very f ine  sand 

f ract ion from the fluvial. deposits has been more effective than mong the 

dunal smples, but abundance of the other sand fractions is about the same. 
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Skewness and kurtosis values tend to cluster w i t h  those of the dunal samples, 

lying close to symmetry and in t h e  nesakurtic to leptokurtic range (fig. 2183. 

However, neither skewness nor kurtosis alone is significantly different f r m  

values of khe other t y p e s  of fine-grained depos i t s .  One of the alluvial sam- 

ples  (043),  which resembles alluvial gravel in its high r a t io  of clay to 

silt, may be a normal wind-winnowed stream deposit. The other sample, which 

contains silt and clay percentages as low as those of the  best aorted dunal 

deposits, may have been taken f rom a river bar that was built wholly or in 

part by the wind. 

Tke seven lacuatxine deposits, which range texturally from clay to grav- 

e l l y  mud, are distingufshd by dominance of clay and very Pine silt, with 

most remaining particles in the fine to m e d i u m  silt range. Sand and gravel, 

presumably of ice-raf t d  origf n, are present in four of t h e  samples (fig. 201 . 
Mean diameters are smaller than for any other fine-grainad samples, and 

sorting is zelatively poor (fig. 2IA)Y Skewness and kurtosis values are 

broadly mattered, but m o s t  samples are symmetrical to strongly skmed and 

platykurtic to raesokurtic (fig. 21B) . 
The three floodplain deposits contain abundant silt (70 to 80 percent). 

5 to 10 percent clay, and have similar mean-dbmetsr, sorting, and skewness 

values. They differ f m  the five dunal and sand-bar deposits not only In 

their higher percentages of silt and clay [fig. 20) but also in their poorer 

sorting and relatively mare positive skewness (fig. 21) . They differ from 

the lacustrine deposits in their relatively low clay, high silt, and genmally 

better sorting. The mall amounts of coarse particles in the floodplain de- 

-. . . - - -. - - 

Ystatistical values for samples with high clay contents may be invalid owing 

to lack of measurements on size divisions w i t h i n  the B $4 to 14 # range. 



posits  may have been carried In suspension by floodwaters or transported by 

river ice during spring f loods .  The clay-sfzed particles probably settled 

out from shallow pools of standing water following floods. 

rn samples of sandy to silty ice-contact stratified drift resemble 

dune and sand-bar deposits; a third sample (045) more closely resables  

f loodpla in  deposfts ( P i g .  19B3. Samples 016B and 034C consist daminantly 

of sand, w i t h  lesser mounts of coarse to medium silt. Sorting is nearly 

as good as Ecr the dune and sand-bar deposits Cfig. 21A), and virtually no 

paxticlea finer than medium silt or coarser than medium sand are present. 

Skewness values also lie close to those of the other sand deposits (f ig.  21B). 

The association of coarse to medim s i l t  with sand argues against w l i a n  

sorting, therefore samples 0168 and 034C probably were deposited in slug- 

gishly flowing water b d i e s  where f l o w  rates w e r e  adequate to carry away the 

fine silt to clay fxactions but were sufficiently slow and steady to prevent 

inf lux of particles coarser than medium sand. Sample 045 differs from the 

others in its poorer sorting, abundant (50 percent) sf lt, and presence of 

gravel and coarse sand particles. Sorting resembles that of floodplain de- 

posits, but mean grain size is coarser and neither skewness nor kurtosis 

show any agreement (f ig.  21). m his deposit possibly formed an an unvege- 

t a t e d  late Pleistocene floodplain that was subject to effective winnowing 

af fine silt and clay and to periodic influx of sediment carrid by river: 

ice, fragments of glacier ice, or slides and flows Esm the margin of a gla- 

cier. 

The t w o  bas in - f i l l .depos i t s  are intermediate in s i ze  and sorting between 

the f lodpla in  and ice-contact deposits. Both samples contain about 40 per- 

cent sand and 60 percent silt,  with no particles coarser than medium sand 

and only minor amounts of c lay .  Absence of  coarse particles indicates that 



the site of deposition was protected !From severe £loading and from influx 

of ice, turbidity flows, or other mass-wasting processes: the rapid decrease 

in particle abundance across- khe sil-t:.-clay boundary reflects either washing 

of the  deposit by gently flowing wat& or strong size-selection among in -  

coming particles. Loess m a y  have been an important component o f  late 

Pleistocene basin f i l l i n g s .  

The f inal  sample, taken from a muskeg deposit within a Lake basin of 

Xtkillik 1 age, is intermediate in character between floodplain and lacus- 

trine deposits.  Clay content is about 18 percent, and a l l  remaining material 

consists of medium to very fine silt. T o t a l  absence of gravel, sand, and 

coarse silt contrasts w i t h  their relative abundance in floodplain depsits  

and i n  about half of the lacustrine samples, whereas the clay fract ion is 

mch less abundant than in w e n  the siltiest of the l ack tr ine  beds. The 

predaminance of  medium to very fine si l t  possibly is due to influx of loess 

from relatively distant glaciers and outwash trains; these lay no closer to 

the site than 15 to 20 Ian during ftkillfk I1 t h e .  

Mixed Deposf ts 

Mktures of gravel, sand, and silt are characteristic of 23 samples, 

and five members of this group also contain appreciable clay. The mixed 

deposita are mostly colluvial in origin, representing eight flow-glides, t w o  

rock glaciers, and four other varieties of flows. In addition, four till 

samples and four apparent mixtures of primary deposits with products of 

mass wasting and soil genesis are.fneluded in this category. 

Six of the flow-slide deposits contain about 30 tn 75 percent gravel, 

with equal or lesser amounts of sand, 30 percent or Less silt, and very small 

amounts of clay (fig.  221 . One okher sample 11491 contains l i t t le  gravel 

but very abundant sand and coarse silt. The eighth sample (059) has unusually 
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abundant grains in the m e d i u m  silt through clay fractions. A l l  samples are 

very poor ly  sorted, and a l l  samples except 059 axe platykurtie (f ig.  231. 

Skewness is highly variable, 

'The two rock-glacier deposits Lfe within the envelope of values that 

characterizes normal flow-slides. Both samples have abundant gravel and 

sand, but contain less medium td ffne silt than m o s t  of the flow-slide de- 

posits and have negligible amounts of very fine silt andl clay. RII statis- 

tical values fox rock-glacisr samples cluster closely together (f ig.  23). 

Sorting is slightly better than among the flow-slide deposits, kurtosis: 

values are lower, and mean diameters Lie at the coarse end of the flow- 

s l ide  range. 

A l l  four U33, deposits contain abundant sand and gravel, but  tm tills 

have Less than five percent: very ffne sand, silt, and clay whereas the other 

two samples are  relatively enrfehd  in these fine fractions. Mean diameter 

and sorting values form t w o  corresponding groups. One pair of till samples 

(018 and 030) has coarser and batter sorted matrix material  than a l l  flow- 

s l ide  and rock-glacier samples; the matrix of the ether pair of samples 

1014 and 0171 lies at the fine-grained and poorly sorted l i m i t  of the  flow- 

s l i d e  distribution (f ig.  23). The two pairs of till samples show overlap- 

ping kurtosis and skewness values (fig. 23B); a l l  are mesokurtie and range 

from symetrical to fine skewed. The two better sorted till samples resem- 

ble alluvial  gravel and ountuPash in their rapid decrease in particle abundance 

at t h e  medium-fine sand boundary (compare f ig.  16). These deposits 

pobably were sorted by subglacial meltwater whereas samples 014 and 017 

apparently were  not subjected to such sorting. 

The solifluction sample (064)  contains less gravel and sand than 7 of 

the 8 flow-slide deposits, but has relatively abundant silt and contains 
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somewhat more clay ( f ig .  2 4 ) .  Sorting is relatively poor (f ig.  23A) .  Skew- 

ness and kurtosis lie within the flow-slide range, but values are distinctly 

less than those for the  tills (f ig.  23B). The relatively high content of 

medim to very fine silt  suggests that this sample may be a mixture of 

loess with an older deposit such as till that conAt;ributed gravel, sand, and 

clay to the  so l i f luc t ion  apron. 

The mudflow sample (056)  is distinctive in its abundant gravel and coarse 

sand eumbined with very low percentages (less than 5)  of silt ana clay. Ma- 

trix material 161 as coarse and well sorted and skewness and kurtosis values are 

similar to those of the tvm best saxted tills. Both grain-size distribution 

and statistical values a r e  cmparable to those of the more poorly sorted 

nodexn alluvial gravel, indicating that running water probably flushed much 

of the fine sediment from the mudflow lobe. 

Sample 085, from a flow developed on till, is very similar to the two 

poorly sorted till deposits, but contains s l i g h t l y  higher amounts of coarse 

to medium stlt {compare figs. 22 and 24) and shows slightly better sorting 

values (f ig.  23A). Kurtosis also lies within the range for  poorly sorted 

tills (Pig. 23B). This f l o w  deposit appears to consist of unsorted basal 

till to which some loess has been added. 

The remaining flow deposit (020), an organic-rich lobe at the base of 

an abandoned river bluff,  consists primarily of the medium sand through 

medimt silt fractions. The sharp division between abundant medium sand and 

rdatively scarce coarse sand resembles that of the dunal  depcsita (fig. 1 9 A 1 ,  

whereas the corresponding sharp division at the fine silt boundary is c m -  

parable to that for .loess. This f l o w  deposit appears to consist largely of 

eolian sand and siLt, part of which may have been incorporated from HaLocene 

floodplain deposits at t h e  base of the bluff. 
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Two other samples are from soil pits in which sediments of different 

ayes and origins may have been nixed by soil processes. Sample 010, on the 

crest of a moraine, differed from a l l  other till. depasits in its low gravel 

content cmbined with high percentages of sand and coarse silt (f ig.  12). 

Percentages of medium and fine silt are about the same as for the t w o  poorly 

sorted till samples (f ig.  2 2 )  , but only small amounts a6 very fine silt and 

clay are present. The morainal swple also differs from all sandy ice-con- 

tact stratified drift:  deposits in its relatively poor sorting through the  

sand and silt range. The deposit may fnitially have been a t h i n  cap of 

sandy ice-contact sediment that later became mixed w i t h  till and enriched 

in loess through such processes as f r o s t  churning, tree throw, and frost- 

heavinq of stones. The second soil-pit sample (0381 is a basin-fill deposit 

that differs from the other hasin fillings in its more abundant gravel and 

coarse sand and virtual absence of very fine sand (see fig. 11). Thid sam- 

ple is much better sorted than any other mix& deposit (fig. 23A3, and is 

almost: unique in its very l o w  content of Pine sand and the smaller fractions, 

It rssmbles modern alluviim in its low pacentages of fine sand (about: 5) 

and vary fine sand, silt, and clay (less than 5 ) .  Although the  deposit may 

have formed in a basin dammed by Ttkillik ice (see "Field Data"), basin- 

filling apparently was by stream alluviation rather than by deposition i n t o  

a standing or sluggishly f lowing water body. 

One of the fan  samples (026) and one other alluvial gravel (021) di f -  

fered from the other members of their elasses in having relatively l o w  per- 

centages of sand and high amounts of coarse to medium silt (see f5gs. 4 and 

7 ) .  These samples were inferred to be conposite in origin: the fan  possi- 

bly originating in part  from mudflows or slushflows and the alluvium possi- 

bly  intermixed w i t h  younger eolian deposits on the  inc l ined  face of a river 



bluff. The cumulative.curves of these two aamples a r e  almost identical, and 

lie along the upper margin of t h e  envelope of values for  normal flaw-slide 

deposits (f ig.  24). Matrix materials are slightly better sorted and soma- 

what coarser than *hose of the flow-slide samples, but sor t ing values a r e  

close to those for t h e  till-flow and the mudflow (fig. 23). Samples 021 

and 026 are almost cer ta inly  cmposite, but their exact origins ranah un- 

certain.  

Sample 061, a lacustrine deposit, d i f fered  from the other lacustrine 

samples in having high percentages of gravel and sand and relatively l o w  

silt and clay (see f ig .  7 ) .  This sample also was inferred to probably be 

composita, with the lacustrine sediments perhaps intermixed w i t h  alluvium 

during flowage down the face of a river bluff.  Sample 061 is similar to 

the salifluction deposit in its relatively abundant medim to very fine 

silt (fig. 241, It: is least sorted of a l l  themixed deposits (f ig.  2 3 1 ,  

and more strongly platykurtic (f ig.  23B). N e i t h e r  skewness nor mean diameter 

are distinctive.  The sample could represent a mixture o f  sandy stream gravel 

with s i l t y  lacustrine sediment, or the high si l t  content could have been 

caused by additional incorporation of loess. 

S-RY AND CONCLUSIONS 

Although sediments collected frm the central Brooks Range represent 

11 different srxlrficial. geologic map units, they can be grouped into three 

broad assemblages with contrasting physical properties: gravel deposits; 

sand, silt, and cZay deposits; and mixed deposits. 

The gravel deposits consist: of gravel and sand from which most finer 

particles have been removed by running water. Gravel ranges in abundance 

up to abut: 85 percent, and particles typically are subrounded to rounded. 

T o t a l  content of very fine sand and the smaller fractions usually is less 



than five percent. Pan depos i t s  typically skow the pobrest sorting and least 

rounding, but the d i s t a l  portions of large fans closely xesembla modern 

alluvium. Winnowing is particularly effective in the outwash samples, which 

show uniformly gaod sorting through the sand range and camonly contain less 

than three percent of the very fine sand and smaller fractions. However, 

t he  properties of t h e  better sorted samples of modern alluvium overlap those 

of outwash to such a degree that they cannot be differentiated on the basis 

of sediment cheuacteristics alone. Many other Pleistocene-age samples (e-g., 

terrace alluvium and same ice-contact strat i f ied drift) clearly were deposited 

by running water, and resemble modern river-channel or fan deposits. Other 

deposits of ice-contact stratified drift must have formed under conditions 

of more restricted drainage. 

Clay is more abundant than silt in nearly three-fourths of the gravel 

deposits : 

Silt > C l a y  S i l - k  < Clay 
Modern alluvium 3 11 
Fan deposits 
Gutwash 
Other gravel I. - 

Totals 8 

This relationship probably is due ko winnowing of sediments on windswept 

ffoodplains, an8 may be a useful indicator of alluvial deposits. Zn three 

of the eight  cases where silt is more abundant than clay, the high silt eon- 

tent could be the result of faulty laboratory analysis (sample Q29), influx 

of mudflow or slushflaw sediments (sample 026), or postdepositional admix- 

ture of loess or weathering products Isample 0211. Relatively abundant silt 

therefore might be an indicator of postdepositional mixing in an alluvial  

gravel deposit. 

Sand, silt, and clay deposits Eomed under a range of conditions that 

genexaLly restricted the influx of gravel to depositional sites. Flowing 



water or wind removed Fines from the sand fraction in some cases, leaving 

sand-rich concentrations of sediment. In other eases, silt and clay settled 

out of suspension in air  or water and remained at t h e  site of deposition. 

Among the five deposits of nearly pure sand, two samples are identical to 

modern alluvfum in conkaining five pexcent or less of the very f i n e  sand and 

finer fractions. The three eolian sand deposits, in contrast, contain rela- 

tively abundant (15 to 20 percent) very fine sand but: little coarse silt or 

finer particles. Wind clearly is less effective than running watex in re- 

moving very fine sand, The three sandy ice-contact strat i f ied d r i f t  deposits 

lack the clean separation of silt from aand that characterizes the dunal and 

sand-bar deposits. They reflect less effective sorting on irregular am- 

faces associated w i t h  stagnating glacier ice. 

S i x  samples ranging from sandy silt to clayey silt formed in late- 

Pleistocene basin fillings, Holocene floodplains, and a muskeg ccmcplex. 

abundance of si l t  in these deposits m y  refleet the influx of loess which, 

except very close t o  source areas, is dominated by particles 100 p to 5 p 

in diameter (e. g . , P%, 1968, f i g  . 3 1 . Lcess may have been an important 

component of late Pleistocene to early Holocene basin fillings and muskeg 

accumulations, and subsequently was redeposited as wedank sediments by 

silt-laden floodwaters during later Holocene stream incision. The presence 

o f  silt-trapping vqetat ion would account for  the abundance of silt in 

floodplain deposits and its virtual absence from nearby channel and bar 

surfaces. 

The lacustrine deposits contain 35 to 81 percent clay, and 4 of t h e  7 

samples include presumably ice-rafted sand and gravel. X-ray diffraction 

analysis shows that the clay-size grains include mica, chlorite, and quar tz ,  

and that no clay minerals are present. Clay-sized mineral grains in the 



central Brooks Range appear to have been produced mainly by glacial abra- 

sion rather than by interglacial or postglacial weathering. The general 

absence of authigenic clay minerals  from aretic and subarctic soils has been 

noted by Tedrow ( e . g . ,  1977, p. 180-1811 and other pedoloqists. 

The mixed deposits fomed under conditions of mass transport' (e .g . ,  

flow-slides, flows, or rock glaciers) or through postdepositional inter- 

mingling of different sediments. Silt is abundant in most mixed deposits, 

but clay usually is scarce to absent. The only clay-rich deposits are two 

of the tills, a solffluction apron derived from tillr a mixed lacustrine 

deposit, and a flow-slide that may incorporate lake beds. The scarcity of 

elay in most of the colluvial  deposits, in .the soil-pit samples, and in other 

deposits that include weathering products provides supporting evidence far 

the glacial origin of most clay-sized mineral grains. 

TWo of the till deposits have less than five percent very fine sand and 

f i n e r  fractions, and resemble alluvial-fan sediments in many other respects. 

These d r i f t  deposits presumably were washed by sulqlacialmelt:watex during 

transport or deposition. Several other deposits that were i n i t i a l l y  of 

alluvial, glacial, or lacustrine origin appear to be mixtures that are atypi- 

cal of their sediment classes. Two samples were from shal low soil pits 

where cryoturbation had probably causd  mixing oE sediments; another sample 

had been mixed by flowage down a bluff face, and a fourth sample had been 

either weathered or mixed with other sediments near the crest of a river 

bluff. Sampling sites must be carefully selected to avoid areas subjected 

t o  weathering, frost churning, surface flowage, and other postdepositional 

processes. 

Four stat ist ical  measures were computed for t he  sand through elay frac- 

t i o n  of all samples. Sorting and mean values are interrelated in mst sample 



groups, w i t h  a consistent tendency fox sorting to increase as mean phi in- 

creases. T h i s  seems f;o reflect the more eff ic ient  washing of fines from the 

maeix of the better sorted samples. Among gravel. samples, t h e  best sorted 

are relatively rnesokurtic and most symmetrical; kurtosis h a  lower values 

and skewness is closer to symmetry than among the more poorly sorted sam- 

ples .  The best sort4 deposits of sand, silt, and clay have skewness and 

kurtosis values that cluster near the center of &is group: close to sym- 

metry and in the leptakurtic range. Among t h e  mixed deposits, kurtosis has 

relatively high values but skewness shows rto consistent relations. 

Clustering of values 9s most distinctive and consistent among sorting 

and mean phi measures; clusters based on skewness and kurtosis are m o r e  d i f -  

fuse and show greater overlap. The strongest and most consfstew clusters 

appear to be: 

Modern alluvium (except sample 0631 
Northern Brooks Range outwash 
Southern Brooks Range outwash 
Ucustr ine deposits (except sample 040) 
Sand bar and dune deposits (ccrmbinedl 
Holocene floodplain deposits 
Rock-glacier deposits 

In addition, till. deposits show two weakly defined separate clusters of two 

samples each, Broadly scattered values rather than clusters.are charactew- 

istfc of fan depsits,  ice-contact s trat i f i ed  d r i f t ,  alluvial-terrace and 

other gravel deposits, and other flow deposits. 

Sorting and mean phi of matrix materials seem to be gemrally useful 

in characterizing the different sediment classes, separating them into con- 

trasting subgroups in smne cases, and determining atypical samples that di f -  

fer from the others in the i r  groups, Skewness and kurtosis can provide use- 

ful supplementary data in same cases, but generally are less useful in 

characterizing and differentiating the various sidiment classes.  



This study has defined several serious problems in our sampling and 

analytical procedures. These include: 

1. Absence of grain-size data for  subdivisions of t h e  gravel and clay 

fractions. Sampling procedures should allow for measurements of the  

coarser gxavel fractions in the field and f o r  collection of large sam- 

ples that would pennit valid laboratory measurements of the finer gravel 

components. laboratory procdures should be modified to allow separa- 

tion and measurement of at L e a s t  the coarser clay fractions. 

2. Absence of replicate samples to check analytic results and absence 

of suites of samples t h a t  define the range of variabilitx. Study of 

relatively homogeneous sample groups le.g., outwash) raised the problem 

of interpreting small differences between samples. Are  these real or 

the result of laboratory errors? Do they represent significant differ- 

ences in environments of deposition, or could they L i e  within the normal 

range of variability at any one sample locality? 

3.  Need for better data on environments of deposition. This was a partic- 

ular problem in the ease of modtern alluvium, where great variability be- 

tween the samples could n o t  be accounted for by the field data. We 

clearly need more detailed information an skream competence and on rela- 

tionship of sampling site to channel patterns, bar and channel morphology, 

and other environmental factors. 

4. The problem of postdepositional mixing.  Sample sites need to be care- 

fu l l y  selected, avoiding soil pits and stabilized weathered bluff faces 
, 

wherever possible. Loess, thaw-lake sediments, and other p o t e n t i a l  ccn- 

taninants need to be sampled and their properties carefully documented 

to faci l i tate  recognition of these sediments in m i x e d  deposits. 
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Table 3. Field data, fan deposits. 

sample No. and 
Quadrangle Incation s Setting Stratigraphy Fie ld  Description Remarks 

77AJM 022 Act ive fan ,Ws ideKi l -  Surfaeesmple 
Killik River l i k  R. 1.5 Ian N of L. 

Kani kser ak 

Subrounded, inbricalm3 peb- Grades into  
bles, cobbles, and small f an-delta 
boulders in matrix of angu- at d i s t a l  
lar coarse sand and granules end 

77AJM 026 N side tcakilivak cr. 0.15~0 Peat and s i l t y  fine sand' Angular to subangular imbri- 
K i l L i k  River 12 km W of confluence 10 m Fan deposit cated platy stones 3-15 cm - 

wJ Killik R. Vegetated (OCC, up ta 40 cm) d i a m  f n 
fan segment 10 m above dark grey (1oYR4/1 to 4/21 
modern stream level silty sand + gfanule matrix 

77AJM 037 B l u f f  exposure, alluvial O . 5 m  S i l t y  peat and peaty sand Subangular platy pebbles and APPearS 
Hiseman (A-3) fmr W side Wild R. 3 ?an 14 m Fan deposit cobbles in dark reddish brown oxidized 

SE of Gilroy Mtn. 12.5W/4) porly  sorted gran- throughout 
4 

ule to coarse sand matrix 
P 

7 7 A m  051 Cutbank, S s i d e J o h n R ,  l m  Peat Wunded to subrounded pebbles Near d i s t a l  
Wiseman (B-5) a long N flank of 1.5 m h-men sand w / i c e  l enses  and cobbles in matrix of w e l l  end of very 

H c K i n l e y  Cr fan 10 m Fan deposit sorted, bedded coarse sand and large fan 
granules 

77AJM 062 Bluff exposure, E s ide  0.5  m Peaty s i l ty  gand Subangular platy imbricated some  peat 
Wiseman 02-11 Glacier R. 1 . 5 h  below 1 2 m  Fandews i t  pebbles and cobbles in ma- and rooted 

sleep Cr. trix of poorly sorted sand wood ~ e s -  
and platy granules e n t  wi th in  

fan 



T a b l e  4. Field data. &ern a l l w k m  

S-le No. and 
!Wd=ngle hcat ion  and Setting Field Description Reza rks 

77AJn 0 0 4  H e r n  gravel bar, John a. near muth Sandy gravel, w i t h  claets up to 
Hisernan {A-4) o f  Halemute Fork mall cobble size 

77- 005 ldDdern sand bar, John R. near Three- Very well sorbed medium sand, w/ 
Wiseman (A-4) t ime mn. occ. silt l a r n i ~ a t i o n s  up to 

0.5 cm thick 

'F7A.m M)7 M d e ~  gravel. bar, I. Pk Kayukuk R. Well sorted sandy gravel up lm 
Wiseman (A-2) 5 kr SW of Florence Cr. f. 3-5 m diam. 
-- 

7 7 M H  DZ7 w aide Kakilivak C r .  12 km W of Sam gravel w/ oce large cobblnr. 
Killik River Killib R. Gravel frola a h a m  bed and smll .to md. boulders 

77- 028 -aided stretch, K i l l i k  R. abwe Dark greyish brown (LOYR3/2) it&- Aufeis zone 
K i l l i k  River April Cr. bricated sandy gravel wfstoaes 

up to -11 cobble size 

77- 029 Gravel bar, b i d 4  stretch of Dark grey KWQ), jspbfi-ted coarse 
Survey Pass ~ p r i l  Cr 6 6 upvalley f r o m  it6 sandy gravel; otanes to -11 m b -  

4 
h) muth ble size 

77Am 035 Cbavel bar E side Qacier R. E of Mall sorted sandy gravel \s/ stones 
Wigenran (B-2) Delay Pass to pebble size 

77- 036 G r a v e l b a r , W i l d R . l k m S o f W i l d Z .  Wel1sotred~andygravelw/mocc. 
Wiseman (B-4) stones to cobble size 
-- - - 

77aJH 043 Sand bar, Mlen R., opeosite S-rd We13 sorted grey iM.5) medim to 
Wisanwrn {C-4) Cr. Pass coarse sand w/ silty sand interbeds 

- 

77AJH 049 Gravel bar, Metbznpherg Cr. 1.5 h a m  hhricated sandy gravel w/ 
Wise- -6) beloss Colorah Cr. m o m  cobbles and o= small boulders 

7 T M U  050 S a d  bar, Sixtpile C r .  1 . 5  km u p  Brown very gardy gravel to gravelly 
Wisenan (8-5) stream from Organ  C r .  sand rs/ occ. stones up to 10 cm d i m .  

371Wn 054 Point bar, John R. opposite muth sandy gravel. w/ stones up to small 
Yiserpm IC-5) of lblverim C r .  cobble size 

- 

77AJM 057 S aide Shukokluk Cr. opposite wss Imbricated gravel to am11 mbble 
Wiseman (C-6) to John R. size i n  w a r s e  sand-to-granule 

matrix 

77A3H 063 G l ~ i  er R. 2 km below moth of Sandy gravel, w i t h  ilabricated stones 
Viaeman IC-L) Sleepy Cr .  to cobble size in caarse sand 

m a t r i x  



Table 5. Field data, alluvial terrace and other gravel deposits 

Sample No. and 
Quadrangle b a t i o n  and Setting s t ra t i g raphy  F i e l d  Description Remarks 

77AJFl 002 Resiaual gravel knobs at 50-100 m Oxidized gravel Well r d e d  to subrounded Strongly oxi- 

Wiseman (A-41 SE end of Ninemile Hills pebbles and small cobbles in dized gravel 
m e i x  of st- Worn  of infer red 
(7.5YR5J6) coarse sand preglacial 

age 

77- 021 B l u f f  exposure, W side 15 m Sandy gravel 
K i l l i k  River Killik It. near its mcuth 55 m Wroct 

Subrounded pebbles and Weathered - 
cobbles in dark yellowish gravel of in- 
brown (10MC3/4) sandy 
matrix 

ferred e a r l y  
Plek stocene 
age 

77- 042 Cutbank, E side A l l e n  R. 0.5 m Peat Subrounded pebbles and small 16 m ter- 
Wlseslan IC-4) oppsfte Seward Cr. Pass 15.5 m Sandy gravel cobbles in matrix of dark race 

grey IN 4 )  platy coarse sand 
4 
W 

and granules 

77kJM 053 Bluff exposwe, E side 5 m Covered (slip-of f slope) Munded to subrounded pebbles, 25 m ter- 
Wiseman IC-5) John R. opposite mouth 20 m Sandy gravel above gravel- cobbles, and occ.very small race 

of Wlverine Cr. ly sand baulders in aratrix of coarse 
sand w/some pea gravel and 
medim sand interbeds 

- - . -. 

77AJM 055 Cutbank at confluence of 1.5 m -Bedded sand w/thin cap Subrounded pebbles, cobbles 8.3 rn ter- 
Hiseman (C-5 )  Wolverine Cr. and Shukok- 0 5  peaty sand and occ. very small boulders race 

luk Cr. 6.8 m Pebbly gravel in opemmrk matrix of granules 
and smll pebbles w/ mc, 
lenses of coarse sand. &nea 
have silt coatinqs 



Table 6.  Field &tar lacustrine dewsits 

Sample No. end 
Quadrangle IPcakaon and Setting Stratigraphy Pield Description UmmrRs 

77AJH 011 nuskeq terrain neat head of rrPcky- 10 cm Peat Dark brown ilOTR3/3) mas- Sampld in auger 
nettles (D-6) bottom Cr, Ponds, marshes, & peat 10 cm Dec-ed org. sive clayey silt hole only 

mounds in probable lake basin formed matter 
in front of I t k i l l i k  I moraine cm Clayey silt 

77- 032 Lacustrine plain W i n d  f t k i l l i k  I1 0.5 m SoB above peat Dark grey tHf4) -ssiva Permafrost  at 30- 
wiseman (a-21 moraine, a. Fk. Kgrukuk R. 0.4-1.7 a. Clayey silt clayey silt. Contains peat 40 ao depth 

2 .  S 4 . 1  al W e d  sand w/ lenses & r m t d  orood 
fine gravel lenses 

7 3 M  040 Flow dmsit in unnamed tributary 0.3 mt Peat Dark grey tM/ll clayey ailt Pr-le glacial- 
Wiseman (C-4-4) Allen I(. Lies a t  front: of 6 m Platy fan gravel u/ scattered striated stones lacustrine deposit 

I t l r i l l i k  I nmraine that backfills -25m Flow deposit up to 120 m dim. 
Iwer tsib. V a l l e y  

-. 

17UM 044 Erosion r m t s  near a t h  of 20-30 cm Peat nark grey (5Y4/l) thin-bedded Mo stones present 
Wiseman 03-4) blcCamant Cr. Oammed by ice of 12  m Clayey silt & (1-5 laa) clayey silt 6 s i l t y  

I t k i l l i k  I1 advance silty clay clay, alternating in units 
-4 20-25 cm U i c k  

77- 048 Erosion mmn# near mth of  20 m Till Grey (PI/4-51 clapey silt merlaln by Xtkilllk 
Wiseman (B-4) Allen R. Valley. m e d  by ice 60 m Clayey silt I1 lateral moraine 

of I t k i l l i k  11 advance 

77- 058 Cutbank E side Kevuk C r .  F-r 26 m S i l t  Grey silt w i t h  sparse drop- Wades W into ice- 
Wfsman (D-6) basin wi th in  driftc of  I t k i l l i k  stones contact deposits 

I1 advance 

77AJbl 061 Canyon wall of W l l l o u  Cr. mere Stony silty clay grading Dark grey (N/4b clayey silt s l u f f  face subject 
Wiseman (C-2) creek incised into l a m t r i n e  dmward in- stnny to severe flowage 

plain of I t k i l l i k  IX age clayey silt and then in- 
t o  probable till ( a l l  
conractp oPscu&1 

77- 136 & Sam as 77ASH 048 Same as 77- O M  Dark grey (!%4/1) clayey silt W a d o n  same as for 
137 t o  s i l ty  fine sand (77hHa 136); 77AJn 048 
W i s e m r a n  (B-4) grades dawnward into f ine ly  

l a i n a t e d  grey (N/4.5) clay w/ 
pebble dropatones 

77- 178 Bluff @-sure, S s i d e  Canyon Cr. 13.5 m Fan gravel Grey clayey ri l t  to silty clay, Bluff face sub-ject 
Wiseroan ( C - 1 )  3.5 !an abow i ts mmeh. D M  15 m Sand and fine grading llpward into iater- to severe f looluge 

I by ice of  ItkiLlLk XX advance qravel above bedded sand and fine gravel 
silt and clay 

5 m Oxidized gravel 



T&le  7 .  Field data, flow-slide depos i t s  

Sample No. ana 
Quadrangle lacation and Setting Field Description Remarks 

77WM 041 P1 w a l l  Swamp C r .  Valley 5 km abve Greyish purple unsorted angular Sampled at active river- 
Wiseman IC-4) its confluence w i t h  Allen R, Valley. phylkite frag-mnts up to 5 m d i m ,  cut front. 

Large f l o w  lobe, actively advancing in poorly sorked mtrix of sand- to 
granule-sized phyllite chips 

77A3M 056 Massive mudflow deposits in pass E Phyl l i t e  chips 3-10 cm diam. in Sampled near center of 
Wiseman (C-6) of Sillyashea Mtn. highly micaeeous, poorly sorted fan l ike  mudfluw dmsit  

sand-sil t matrix 

77- 059 N w a l l  Ulen R. Valley 4 laa ahve Angular fragments of phyll ite,  Sampled a*: active f mnt , 
Wiseman (42-4) Swamp Cr. confluence. Flows at schist ,  and quartz in matrix of N bank A l l e n  R. 

d i s h 1  end of huge lalldslide dark grey (N4) silty clay w i t h  
phyllite chips 

77RHa 085 Ti l l f l ow ,  E bank Pd gu R, E of Subangular to subrounded stones Sampled near dfs ta l  end 
Howard Pass E t i v l i k  L. up to small boulder size in matrix 

VI of stony s i l t y  send 
- .. .. -. -- 

77Am 094 Large flow lobe, , E side Kutuk R. Angular fragments of grey phyllite Sarapled at active r i v e r  
Survey Pass near its head, up te 3 m diam in s i l t y  matrix cut front 

77AHa 095 Urge flow lobe, E side Kutuk R. Angular phyllfte fragments in silty Sampl@d at river-cut 
Survey Pass near fmaljmaloak M t n .  mtrix.  Frozen; contains massive front 

ice layers and wedges 
-- -. -- -.. - -- - . - 

77AHa 097 Large f l o w  l ob ,  W side Jautuk R. Phyl l i te ,  schist, and quartz £rag- Sampled at front of 
Survey Pass abmt T km a b e  its muth m n t a  in silty matrix younger lobe that is 

overridf ng older lobe 

77AHa 098 As abve.  Sample from debris apron As above 
Survey Pass at base of younger lobe front 

Same locality as sample 
097 

77AHa 110 Wad w a l l  of transitional flowslide/ Highly sheared schist fragments in Sampled fxoa f l o w  zone 
Wiseman (8-11 rock glacier, S Fork Rock  Creek micaceous sand-silt matrix on head w a l l  

77Ma 149 Active flaw-slide, E wall Sixtymils Sparse rock rubble (schist and Sampled from active front 
Wiseman (-6) Cr, Valley near its head quartz) in abundant raatrix o f  of f l o w  midway up valley 

highly micactsous silt side 



Table 8. Fie ld  data, other collwialdepcsits 

Sample M- and 
Quadrangle Iacation and Setting Stratigraphy Field Description Remarks 

77AJM 020 Blkff exposure, & side 12 m Colluvium Platy fragments of local Plow aeposft 
K i l l i k  River K i l l i k  R. L km below 3.7 m Sand and gravel bedrock in matrix of dark 

Okpikruak R. confluence. grey (10YR4/13 highly or- 
C u t s  f l o w  deposit ganic sandy silt. Fabric 

of wmd and stones paral- 
lels hill s l o p  

I 7 7 A m  Q31 Cirque basin near S range 52 m Rock-glacier rubble Angular schist blacks up Rock-glacier de-- 
Wiseman (A-6) f r o n t  between Mettenpherg to 8 m length in sparse posit 

Cr . and aalemuk Pk. of John R. matrix of very poorly 
I 

I 
sorted  chia at chips and 
brown micaceoua sand and 

4 silt 
0 

77MM 064 E side Glacier R. 4 km be- >0,45 an solifluetion Angular rubble + su& SplifXuctian deposit 
Wiseman (C-1) l o w  mouth of Chimney Fork. deposit rounded stones in matrix 

Sloping solif luction apron (soil pit)  of unsorted structureless 
dark grey (10YR4/1) stony 
silt w/trace sand 

7SPIHA 114 Rock glacier on S Pk. of 25 m Rock-glacier rub- Openwrk rubble of sch i s t  Rock-glacier 
His-n (8-3) b c k  Cr- Sample fmm steep ble and quartzite w/ some deposit 

14B") active front inters t i t ia l  silt 





Sample No. and 
Quadrangle Laeatian and Setting 

T a b l e  10. Field data, till deposits 

Field Description Remarks 

77AJPI 010 Crest af X2Rlllik X end mraine 15 cm yellor-brom silt Dark reddish brown (SuR3/4) From -il p i t  
Bettles (D-6) along a margin o f  Alntna Hills > 0 . 5  a till midized  sandy gravel. u a x .  on -aim 

elast size 15-20 a crest  
-- 

77MH 014 Flank o f  X t k i l l i k  XI m a i n ~ ,  1 P sod, mlluwitnn, and Faceted  and striated stones 
Haward  Paaa W side Higu R. IExprrurtr at peat up to boulder size i n  grey 

head of ear th f  l o w  >4 m till silt to sand laatrix 

71AJn 017 Plank of active k e t t l e  in 4 m 1 ce-contact gxaveX Striated and faceted stones Sam locality 
Howard Pass I t k i l l i k  fI dr i f t  sheet, 3.5 m Sand to boulder aiee i n  very cow a; ice-contact 

Inyorurak lakes  area >7 g Till pact s i l t y  xand matrix sa*ples A m 1 6  
A and B 

77Am 018 Stream cut f nto drift  sheet 26 m Ice-oantact gravel Faceted and str iated stones Same local i ty  
K i l l i k  ~ i v e r  nsac f t l d l l i k  X I  l f m i t , K i l l i k  >ZO m Till up to 1.5 m diam. in ma- as icr-oontact 

V a l l e y  pact dark grey la81 at l ty  -1e ASH 019 
sand matrix 

71AYM 030 Bluff exposure, El side April 12-15 m Till Stones up ta 1.5 m &-.in 
Survey Pass  CK. nanr i t s  muth. C u t s  val- 0-1.5 m Bedmek dark grey (W4) sandy matrix 

ley-flcwrr filling o f  I t k i l l i k  
I1 drift 



Tahle 11. F i e l d  data, See-contact s t r a t i f i e d  d r i f t  d e w s i t s  

sample M. a d  
~adrang le  Laation and Setting Stra t iqrdy  P h l d  k c r i p t i o n  m r k s  

7- M3 mtwa&(?) daplsitod over stag- Massive d e p s i t  1-50 m Yellow brown ( 1 0 ~ ~ 5 / 4 )  aan* F- terrace 
b m r d  Pass ~ n t  ice. W side Wgu Valley thick) with thin - gravel. Pebbles, &less like surface 

-3 h a b w o  I t k i l l i k  I1 mralne of peaty s a d  attd occ. bouf ders <up to 45 la above 
65 cm) in predomimntly -$ern river 
-roe sand matrix level 

7 7 M  Olfa C Flank of active ltpttle in It*$&- I I I-emtact Wave1 A. Brown (111uR4/3) sandy saaplu 01M. 
7 7 m  0168 lik l r  dri f t  sheet, Jnprurak lhl gravel. Coarse sand to m a l l  O i b B ,  and Oil' 
Houard Pass rakes area. Fmssible outwash 3.5 m Sand (B) cobble sizm, w/ trace medrum (till) are all 

sheet a h  ateqnant i ce  7 a Till sand f m m  savr 
a. Well emred, -11 bedded h-lity 
brwn t10YR4/31 Bedim sand 

7 7 m  4119 strear cut into dr i f t  sheet mar 26 m Icr-cpntaet  weave1 -1- and wb- locality 
t t i l l i k  ~litnt f ~ l i k  xf limit, Klllik Valley. > a0 m Till b ~ c a  i n  dark b- (lOPAQ/31 as till m 

*-like h b s  uith sparse lit- coarse mrd oaeix p ~ s  7 7 m  ma 
ter of hldurs up tO t -5  m dim. 

7TAm 033 Cntbenlc W ewe G l a c i e r  11. near -Adin by t h h  cap of Qqigh brom (10YR5/2) ~ a d y  
Viawan la21 its muth. o i s s ~ c t e d  flank of @, mlian silt, a d  arbble grawl w i t h  occ. buL- 

esker 6ytstm grawelly d. d e r s  up ta 60 cm ddfam. 

-J YD 

7- 034 B l u f f  m, I3 aide W K 6 r grave3 CB) II. O ~ w r t e d  eubroanded litFmes SarpIes h-L-n 
a. B, C ,  D hytkuk cp 23 b a b e  1tki1liR abwe diamicton In) to -11 buldcr size in poor- P m m  4 strat. 
wtseaan [B-21 11 mxainc. surface i s  6 m Beddd sand (CI ly snrted silty. sandy, gravel units at sam 

old valley flow 6 rn B e d d d  qravel ID) matrix m l i t y  
B. Hell mrted W r k  pea 
gravel ( y r a d e s  m d l  p e b  
blos) w / s i i t  coatims 
C. Finely laminated to cruddy  
beaded greyish h r o w n  fiw to 
medim sad 
D. Subrounded gravel to saall 
boulder  size i u  coarse sand to 
qranule m t r i x  

7- 039 Gravel t-8, -d trib to W a Sandy qmvel a d  Pcbbles ziad occ cobbles of Robabfy in- 
7/22/66-3 Wa*g Gr. near its confluence wf gravelly sari wh is t  a d  phyllite in natrix wash against 
WP- IC-4) Allen R. l juat  YI of pass at 30 m Drift of dark  greyish holm [lOmQ/Z1 f t k i l l i k  I 

head of Tubin Cr.1 platy -se sand and granules ice prargin 
In asin val- 
l e y  

7TUM W5 Bluff --. LO side W n t  18 a s s d  a d  gravelly Light y e l l w  broPm (2.5Y 6/41 saaP1s fm 
Wis- (8-41 ~ r .  ca 2 h above it. muth. w sand well sorted fine sand w / t n c e  near top af 

flank of t t k i l l i k  II mrrrainc 6 m Cobble gravel siLt and om. smncs exposure 
map-= 27 r S i l t y  t isc to 

77AJW 060 fee-amgnation -pito w of 15 m ~ r n 8 t - c ~  oxi- Dark brown (7.5111313 3 mi- 
nis- (D-2) chinnay Pass Ln Clanr R. val- d i x d  silt U i x e d  peWe gravel in 

ley .  Soil pit ln esker-like 50 em + Oxldixmd pebble nratrix of platy qranules 
ridge gravel 



Table 12. F h l d  data, outwash daposits 

Famle Ho. and 
(Euadrangle location an8 setking S k u  t iqxapb Field Deticriptlon 

TPAJH 003 sluff exposure, Y side Joh R. 15-30 m Qutwash grave1 I&ricated ahrounded peb- Q ~ z  cmwrises 
Wisemn (A-4) W i a t e l y  below ItkiLlik I1 bles a d  mbbles in faintly - 50% of granule- 

moraine front. Bdqa of outwash bedded te lacally w e l l  kd- pebble fraction 
-race ded sandy matrix 

77- M16 Oll+lsash -race of sagavanirktok 0.3 m Peat a d  silt Subrcmded pebbles and -11 Plast stoma s h w  
b t t l e s  ( b 5 )  aye an urmamed tributary 6 kn 33+ m Outwash gravel cowles in matrix of  dark surface weather- 

abwe its confluence w j E .  fk .  brown (?.5YR4/4) cnarstt sand ing 
Henshaw Cr .  w/ trace of medium sand 

77MH 00B Cutbank, H side 5 .  Fk.lGoyukuk I1. i m Silt * sod cap m i c a t e d  subrwnd& stones Upper 20 cm ef 
Bettleh upstmaw f r o m  Gold Bench. Edge 9.5 m Outwash gravel up te mbbk aim i n  light outlrash i s  

of I t k i l l i k  I outwash terrace 4 m Covered brownish grey (10YR6/2) weathered 
ooarse sand laqtria 

77- 015 Catbank n side Nigu R. ca 7 h 2.7 m Peat, laminated m R l y  bedded and irbricated 
hward Pamm b l o w  X t k i l l l k  11 mzaine. sand and silt, a d  cliff- subrounded H b l m ,  m11 cob- 

edqe of outuRl6h terrace head s a d  bles, and occ, large cobbles 
8 . 5  rn mtwash gravel i n  poorly ~ t e d  gxey (10YR5/1) 

sand matxix 

77- 024 Cutbank, N side M g u  R. near 15 3~ Outwash gravel Subrounded ta suba@r psb- 
Survey Pass its head. Edge of late Itkil- bles and -18s w/ rare m a l l  

lik autwash terrace boulders in dark grey (a4) -se 
sand-granule lhatrix consisting 
largely of shale chips 

77AJM 025 Outwash tatrace s b i n g  -1- 11.2 a OutrPash gravel S u b r o ~  to swguhr ritanes Probably deposited 
survey ~ a g s  lapse features, just L4 of Nlgu- to very mu boulder sire (occ. on tap of s t a g  

Alatlvl divide 40-45 rrml in uatrix o f  dark grey mint residual 
(W4) ooarse to d i m  mad w i t h  glacier ice 
some granules 



W R A T O R Y  DATA 

Detemdned by 

Jmea H. Trexler, Jr. 



Table 13. Laboratory Data, fan deposits 

frosted 

. 



Table 34. Laboratory Data, modem alluvium 

frosted 



Table 14- mboratory Data, mdexn al luvim (cont . ) 

pct sand 95.6 ' 

pct silt: 

pct clay 

mean # 

skewness 

kurtos i s  1 1-18 

sbrd-rd sbrd-rd I I -1 rounding 1 
shape I elz%&,t 

gneiss . 
frags + 
5 PCt  
schist 

gneiss, 
schist, qtz eta xk 
and Is (? 1 f rags, .cytz 

ebbles a l l  

gneiss sc 
schist ,  I 

rounding ang-sbd 

shape tabular 

COmposiaon 90 pct phyl- 

s-g- sbrd sbang- sbrd sbang-sbrd 

cite, 
10 pet qte, cite cite + xk 

3 0  wt  qtz 
30 pct cal- 

cite + 
rk frags 

60 pct rk 
f rags 

20 pct gtz  
5 pct cal- 
cite 

ilite chips 
5 pct qtz  
2 pct cal- l cite 

sane magne- 
t i c  mineral 
present 
( 4 2  pctS 

secondary 
breakage of 
gravel cow 

chist may 
ehloritic 

calcite is 
euhedral 





- I 
Table 16. Laboratory D a t a ,  lacustrine dew sf ts 

rk frag w/ 
P-, 

pea gravel 
predam 

M 
m 

rk frags + 
20 pct qtz 
10 pct cal- 
cite, 

£rags are 
pSlyllitic 

remarks 

* X-ray diffraction results. 

high pct o r  
ganics (=all 
material 
largex than 
62.Sp ) 

some 
euhedral 
qtz 

some  I 

euhedral 
qtz 

E* 
45 chlorite 
45 mica 
5 qtrz 
0 clays 

pct calc ih 
f r a g g  q e  
phyllitric 





Table 19. laboratory Data, flow-slide deposits 

Textural 
class 

pc t gravel 

pct sand 

pct silt 

pct clay - 
mean pl 

sorting $ 

skewness 

rounding 

a0 
m 

a=Ef =g -g ring 

tabular tabular tabular some tabular 

phyllite 
f rags 

high grade 
m e t a  w i t h  
qtz veins 

phyllite p h y l l i t e  m e t a  rk 
chips schist 

chips eta rk 

I r eins 
rounding 

shape * 
comps i t i o n  

tabular ebular WuLar 
anq I mq  an^ . anq 

tabu la r tabular tabular 

rk frags, 
qtz ( 5 0  
pet) 

k frags, 
ica, 2 pct 

phyllite phyllite & rock frags rock Erags, 
chips I s ~ h i s t  . I with l o w  I qtz, m i c a  I 

remarks 



Table 17. Laboratory D a t a ,  flow-slide deposits (conk.) 



Table 18. Laboratory data, other ccllwial deposits 

lit@ f rags ,  5 pct q t z  
frags f qtz, miaa 

remarks organics : 
wood chips 
charcoal 
leaf bits. 

50 pct char- 
CQH 1 

50 p c t  *z 

strong sul- 
fur odor, 
qtz is 
euhedral 



Table 19. Laboratory data, sand deposits 





T a b l e  21. laboratory data, P c e ~ o n t a c t . s t r a t i f i &  d r i f t  deposits 



' k  

„ able 21. +f.abaratary data, ice-contact s t r a t i f i e d  drift deposits tcont.1 

I 
1 

I 

composition rnicaceous rk.50 p c C  qtz, qtz, calcite ( 5 0  pct qtz 
£rags 6 qtz,S6 pct rk & rk frags + wk frags 
calcite fraga 

remarks some second- 
ary brsak- 
age 

I 




