
DEPARTMENT OF THE INTERIOR 
UNJTED STATES GEOLOGICAL SURVEY 

Geologic. Colluvhun 
characteristics Qco 

lliminant sediments Stony sand, silt, and clay. 

Maximum observed IS ft (4.6 m) in roadcut; connnonly manties 
thickness slopes to d{:':pths less than 5 ft (1.5 m). 

Generally shades of bro"'n and gray, ,lepend -Color 
ent on source unit. 

Redding 4 (fig. 1) Oiaotic to poorly graded hedding. 

Grain size (fig. 2) Ranges from clay to boulders. 

Sorting5 (fig, 2) Unsorted to moderately sorted. 

·Gra.in :;hape6 Equant, tabular. 

Grain roundness 7 MJstly subrounded to rounded. 

Grain surface Variable from rough and broken to smooth. 

Composition, in Variable; depends on compos i tion of source 
order of abundance tmi t. 

Post-Piney Creek alluviurr~ 
Qpp 

(Scott, 1960) 

Sand, -silt, and f ine gravel; some clay. 

15 ft (4. 6 m) by hand 
in stream valleys. 

auger; may be thicker 

Light yellowi.sh gray to grayish yellow. 

Trough - shaped 
bars. 

crossbedding; local gravel 

M:istly less than l 111n. 

i"./ell sorted in horizontal layers; poorly 
sorted verti cally. 

Equant, tabular. 

Subrounded to subangular. 

Frosted, pitted, smooth . 

Quartz, mica, feldspar, minor rock 
fragments, organic debris. 

TABL~ 2--GEOLOGIC CHARACTERISTICS OF SURFICIAL UNITS 

Piney Creek All uviur.:t Eolian sand Loess 
Qp 

(1-ltmt ," 1 954) 
Qes Qlo 

Silt, sand, clay, and fine gravel. Sand; some silt. Silt; some fine sand. 

15 ft (4.6m) in excavation. May be thicker 22 ft (6, 7 m) by JXJwer hanJ auger. Thickest 
in stream valleys. 30 ft (9.1 m) by power hand auger. on upper parts of southeast - facing slopes. 

Reddish brown, yellowish brown, grayish Brown, bro1mish gray, and pale brown. Reddish orange to reddish brol'fil. 
brown. 

Trough- shaped cross bedding; t.:ibular and 
Trough-shaped and tangential crossbedding. Tangential crossbedding, IXJorly developed . lenticular layers; local gravel bars. 

1'-bstly less than 0. S nun. Mostly less than 0.125 rrun. M:istly less than 0.05 Jmll. 

ilbderately well sorted. Well sorted. Poorly -;orted; contains some secondary fine 
gravel and sand. 

?vbstly equant; some tabular. Equant . Equant. 

tk>stly subrounded to rounded; some 
~lastly subrounded; some subangular. MJstly angular to subrounded . subangular. 

Frosted, pitted, smooth. Fros ted, pitted. Rough, pitted; some quartz grai ns frosted. 

Quartz, mica, organic debris, rock Clay (kao l i.ni te, illit e , some montmorill-
fragments, clay. Quartz; some kaolinized feldspar. 

onite, mixed - layer), quartz, feldspar. 

Broadway Af.luviurn Louviers .A.lluviurn Slocum Alluvium 
Qb Ql Qs 

(Scott, 1960) (Scott, 1960) (Scott, 1960) 

Clayey silt, sand, and gravel. Sand, silt, and gravel, Sand, silt, and gravel. 

25 ft (7. 5 m) in stream cut. 20 ft (6 ml with power han<l auger. 25 ft (7. 5 ml with power hand auger. 

yellowish broi,,n. Dark reddish broi,,'fl, yellowish brown, and Dark yellowish brol'>n to medium gray. l.ight reddish brmm to ol i ve gray. 

Tangential ;rnd trough -shaped crossbedding; Lm,:-angle trough-shaped and tangential 
Trough-shaped crossbedding dominant. 

lenticular layers. crossbedding. 

0.02-4 rrnn. 
MJstly 0.01-0.ZS nrrn; local boulder gravel MOstly 0.01-0.25 nrrn; lo.cal boulder gravel 

i\bstly as large as ZS rmn. as l arge as ZS mm. 

Poorly sorted. Unsorted. Unsorted to moderately well sorted. 

Equant, tabular. Equant, tabular. Equant. 

Mostly rounded. ·Mostly rounded; some subangular. Mostly ,,:ell rotmded. 

l,bstly smooth; some rough. Smooth to irregular. M.)stly smooth. 

Quartz, clay, mica, organic debris, rock Quartz, feldspar, mica, clay, i ronstone, Quartz, kaolinized feldspar, mica, Clil.y, 
fragments. rock fragments. metamorphic rock fragments. 

Consistency (firm- 1'-bs tly hard when dry; stiff when wet . Soft when dry; moderately stiff when wet. Very stiff when dry; soft and sticky when T:r;tcoherent; loose when dry ; ga ins some Moderately hard when dry; very so.ft when Moderately hard when dry; very so.rt and Modeni.tely firm when dry; locally soft St i ff to hard when dry; stiff to firm when ness) of engi- ~loderately cohesive. Locally poorly Noncohesive. Well clrained. wet. Locally poorly drained. Moderate - ¢ohesion when wet. wet. Cohesion provided by clay. sticky ,111.en wet. and sticky when wet. wet. neering soils8 drained. ly cohesive. 

Mantles slopes and forms lens-shaped Valley floors and beds of modem streams and Fonns low terraces adjacent to modern Mantles low rounded slopes in western part Mantles ridges and uplan,1 slopes in central Low terraces in stream 1.mlleys, 10 - 30 ft Terrcices on uo lcind surfaces, 30-80 ft Pediment deposit on gently sloping upland Distribution deposits at hases of slopes. some adjacent flood plains. streams. Occupies val] ey .floors, some of the quadrangle. part of the quadrangle. (3-9 ml above modern streams. (9 - 24 m) ahoVe pri ncipal streams in east surfaces 50 - 200 ft (15 - 60 m) above 
drainageways. part of quadrangle. principal streams. 

Uneven , irregular; depends on character- Sand and sandy clay. Soil zone locally as lhin sandy clay, calcareous, as deep as CJ qyey sand; silty where l ocall v mixed \.\'ith Silty sandy clay. Blocky. Contains layers Silty sandy clay with layers of fine gravel. Clayey silty sand wit.h fine gravel l ayers , Silty sand; some clay; some thin beds of 
istics of source 1m i_ t. much as 2 ft {0.6 m) deep. Nonc;:ilcar eous. 6 ft (1. 8 m), loess; as deep as 4 ft (1.2 m)'. Non- of fine gravel. Very calcareous. Best Soil zone as. deep as 3 ft (0.9 m). Non- slightly to noncalcareous, a s deep as 5 ft fine gravel. Zone as deep as 4 ft (l.Z m). Development of 

soil zone Galcareous. agr icultural land. calcareous. (1.5 m} . Calcareous; caliche films on particles and 
cal iche blocks at 1. 5-3 ft depths (0.45-
0. 9 m) . 

Derived by gravity, slopewash, aiid weather - Derived by erosion and reworking of old Includes post-Piney Creek deposits too Depos i ted by northwesterly winds; derived Deposited by northwesterly winds; derived Deposited by streams, by reiv0rking of older Deposited by meandering streams, cro<le<l from Deposited ·by aggrad ing streams, overlies 
General remarks 

ing from bedrock an<l surficial geologic soils, sediments, and bedrock. Very small to rriap. Very susceptible to seasonal from sediments in the South Platte River from sediments "'est of M<l in the· South sediments and bedrock units. J.ocal1y sub- o lder sediments and bedrock to the south. intcrbedded Dai,,'Son sandstone and claystonc 
lllli ts. susceptible to flooding. flooding. valley. 

TABLE 3.--COMPARISON OF GEOLOGIC UNITS ACCORDING TO SELECTED ENGINEERING CHARACTERISTICS 
[llased on field observation and interpretation of physical properties tests] 

of 
Rel.c1tive Relative 

Relative Rel.1tivc Relative euse stahl Ut.y stability Relative Geologic units !1.elatlve 
frost-heave Re lat ive 

erosion excavation in of dry of dry cut foundation permeability 
susccpt ibil i ty trafficability 

suscept ibllity 1inweatheTed natural (manmade) stahiLi.ty9 material s l opes slopes 
Bedrock units Dry Wet 

Tcr Castle Rock Conglomerate Ilighest Tcr Highest Tdec Best Tcr Tcr Highest Tdo Eusiest Tdo Most Tda Most Tcr Mos t Tfa Daw:;on Arkose, upper part Tdc T<lo Tdc Tdc Tds Tdv Tcr Tda Tcr Tda Arkosic sandstone facies Tda Tdv Tda Tdcs Tdv Tds Tds Tds Tdc Tdc Conglomerate facies Tdei; Tdcs Tds 'J'da Tdec Tdec Tdec- Tdes Tds Tds Sandstone facies Tds T<ls Tdes Tdec l'des Tdc Tdc Tdc Tdes Tdo Cl aystone facies Tdo Tda Tdo Tds Tda T<la Tdv Tdv Tdo T,lv Variegated claystone Fn.cies Tdv !'de Tdv Td -.., Tele Trr Tdo Tdo Tdv· 
Denver Formation, upper tongue Lowest Tdcc Lowest Tcr Worst Tdcc Tdo Lowest Tcr Moc; t difficult '!'de s Le,1st Tdec Least Tdes Lec1st Tdcc Tdes Sandstone facies 

Tdcc Clnystono facies 

Surficial units 
Qpp Post-f'.iney Creek alluvium !lighcst Qes-Qpp Hi ghest Qp Best Qc Qs Highest Qpp Easiest Qpp Mpst. Q5 Most Q, Most Qs 
Qp Piney Creek AllL1Vium Qlo (vertical) Qlo QI Ql Qcs Qcs Ql Ql Ql 
Qcs Eolian sand Qlo (horiiontal) Qb Qb Qes Qlo Qp Qb 

Platte River valley. Very high shrink- ject to seasonal floods. 
swell potential. 

TABLE 4.--GEOTECHNICAL CHARACTERISTICS OF SELECTED SURFICIAL UNITS10 

[All test data are results of tests on moderately weathered samp les. Laboratory tests 
performed by George S. Erickson and Philip S. Powers, U.S. Geological Survey, 1971-73.] 

Loess 11 Slocum Alluvi um 
Qlo Qs 

Geotechnical characteristics :,lo. of :10. of 
samples Star1dard 12 13 s.:imples Standard 
te~tcd Range devi ation Mea,n y tested Range dcvi.Rtion Mean 

Particle-sl ze distribution, i n percent Gravel 0-2 0.9 1 2. 3 ()- 28 15 . 6 18 
(hydrometer and sieve analys is--s e.e VeTf coarse and coarse sand 0-9 2. 7 3 . 9 0-3 5 18.2 20 
fig. 2) Medium sand 1-10 2. 9 3 . 9 7-46 19.5 27 

9 3 Fine acd very~ fin e sand. 8-22 4 . 3 13 . 3 7- ,';3 14.4 14 
Silt 31-53 7. 0 43 . 2 0-31 15.2 11 
Clay zs-,1 s- 7. 2 .l 7 .2 0-29 16.7 10 

P las tici ty charac.:teri s ti cs 14, in percent Liquid limit 28-64 lJ . 4 4 (, 32-54 9. 8 46 
(tested on part of sample passing Plastic lirrdt 21-43 5 .9 28 4 20-28 3. 6 25 
No. 35 sieve, 0. 5 lnlll ) Plasticity index 13 

7-34 6.9 18 12-29 7 .1 21 
Plasticity ir.:!.cx/Pcrcent clay ---- - -- - 0 . 5 ----- -- - 0. 7 

Potential volume change 15 lb/ft 2 ()01) - .~,201) 717 1,873 900-4,100 1,325 2 ,4?,0 
(tested on part of sample passing kN/m 2 29-153 ,4 90 4 43-196 63 116 
No . 10 sieve--2 =) Mean. rati L1. g (1-lO) 13 0.6 - 3.9 - -- 2 3 1.1- 5 . 2 --- 3. 0 

y 

0. 9 
.9 
. 7 

l 
1. 4 
l. 7 

i:1 this quadrangle. 

Louvicrs Alli..:.~'ium 
Ql 

No. of 
samples Standard 
tested Range deviation Mean 

0-22 12.7 7 
5-28 12.5 14 
5- 7 1 6 

3 9-18 4.9 12 
14-29 8. 4 24 
20-52 16. l 37 

37-71 13. 8 53 

s 21 -38 6. 9 29 
14- 33 7. 9 24 
----- - -- - 0.7 

400-6,900 Z,680 2 ,960 
19- 331 128 1,12 

0.3-8.2 ----- 3.6 
Class i fica ti on Mc1rginal Marginal MarginaJ 

Qh Qb Qlo Loess Qp Qs Qp Qpp Qp Qb Qlo Qb Qcs Qb Broadway Alluvium Qb QI Qlo Qb Qb 
Ql Louvier::; Alluvium Q) Qcs Qcs Qp Ql 
Qs Slocum Alluvium Lowest Q, Lov.·cst Qpp Worst Qpp QLo Lowest Q•, Most dHficult 

Arkos i.c sandstone fac ies 
Geo technical characteristics Tda 

No. of No. of 
samples Standard12 sampl es 13 tested Range deviation Mean y tested 

Particle-size distribution, in percent Gravel 0-4/t 15.3 16 0.96 
(whole-rock, hydrometer, at1.d sieve Very coarse to coarse sand 12-69 16.8 J6 .47 
analysis--see fig. 2) Medium s~d 8-2 7 5.8 14 . 41 13 16 Fine to very fine sand 4-28 8 . 1 .15 .5 4 

Silt 2-2 7 9 .0 10 .9 
Clay 0-32 10. 6 9 J.18 

Grain specific density (average) . 3 ?.. 6/1 .1 

P las tici ty characteristicsl4, in pe~ Liqui d limit 0-51 17 .1 32 0.53 
cent (tested on part of sample passing Plastic lirrdt 0-36 14 15 .93 

mm) 15 l3 No. 35 sieve--0.5 Plasticity index 0-23 8 .4 8 1. J 
Plasticity index/Percent clay - --- ---- 0. 8 

PDl:<enticil volume change 1 5 lb/ft 2 0- 4,500 1,338 940 1.4 
(tested on part of sample passine kN/m2 14 .0-216 6-1 .1 43 1. 4 15 
No. 10 sieve--2 mm) Mean rating (1-10) {0-5.7) ----- -- 1. 2 

Classification Noncritical 

Heave16 Percent Not tested l 
pH 17 12 6.5-8.0 0.6 7 . 4 O • .l 

Other tests Unconfined compressive strength 
2160- 4.) 20 1527 3210 0.5 

tons/ft2 
(207-414 (116) . {310") .s 

MN/m2) 

Compressional wave velocity 
6,400 ft/sec (1,920 m/sec) 

She,ir wave velocity 
2 ,660 f t/ sec (798 m/sec) 

He ave 16 Percent 

pH17 

Qf Qpn Qi,p Qp 
Qs Qp Qp Qpp 
Qlo Least Qcs Leas t Qes Least Qlo 

TABLE 5.--GEOTECHNICAL CHARACTERISTICS OF SELECTED BEDROCK UNITS 
[Al l test data arc results of tests on fresh and moderately weathered samples. Laboratory teSt8 

performed by Georges. Erickson and Phil ip S. Powers, U.S. Geological Survey, 1971-73. J 

' l)awson Arkose , upper part 

J 

6 

Sands tone fad.es Clays tone faci es VariGgatcd 1;laysLone faci es 
Tds Tdo J'dv 

No. of No. of 
Standard samphos ~timdard samples Standard 

Range deviat i on Mean y teste,1 Range deviation Mean y test ed Runge dev iat ion Mean 

0-16 0.4 l 4.0 0-26 5. 2 l 5 -- --- -- -- --
0- 46 13.Z 12 1.1 0-10 2. 6 l 3 () -5 2. 2 l 
1 -42 B 21 . 6 0-25 5.5 4 1. 4 0- 9 3. 8 4 2S 5 16-65 12.8 35 .4 3-,H 10.9 16 . 7 12-38 11. 4 18 
6-35 9.2 18 . 5 l6-5U 10. 3 35 . 3 22 -47 10. 7 35 
2-33 9.4 13 • 7 4-70 14.9 43 .4 26-57 LL .9 42 

2.77 l 2. 6G 1 2.65 

21-56 9. S 39 o. 2 31- 87 11 55 0.2 40 - 65 10 48 
ll-37 14 19 . 7 25-:>6 9. l .17 . 3 26-45 7.8 36 2.3 4 0-23 9 .1 8 1.1 9-31 6.7 18 .4 3-L6 5. 9 12 

--- -- -- - - 11 . 6 -- -- - ---- 0. 4 --- -- ---- Q. 29 

0-3,HIO 1;075 1,470 0 . 7 l, l00-6, 550 1,170 3,160 0.4 1,400-3,500 Y'/0 2,750 
0- 148 .5 51. 5 70.4 .7 19 52.7-313.7 S6 151. ,) .4 6 67.1-167 .6 46.5 131.7 

{0-3.8) --- -- {l. 4) (1.2 - 8.0) - -- -- (4. OJ (1.6-,1.SJ ---- (.'L3) 
Noncritical Cr i tlcal ~1arginal 

6 10 2-13 3 . 7 6 .3 0.6 4 2-10 3.4 6 

5.9 - 7.9 0.75 7. 0 0 .1 1 g 4.9-7.9 0.6 7. 2 0 .1 4 7 .1-7.9 0.4 7 .3 

X-ray analysis Cl s,1mp.le): 

Mineral Percent Clay fraction Percent 
of sample of total 

Quart: 20 Montmorillonito 65 
Clay 65 Kao linite 30 
Feldspar 15 Illite s 

Chlorite Trace 

6 Not tested Not 

7.1-7.7 o. 3 7 . 6 7.7, 7. 8 - - - 7 75 5.5, 7. 6 

Denver foTI11a tion , upper tongue 

Sandstone facies Claystone facics 
Ides Tdec 

No. of No. of 
sample:; Standa-i:d salllples Standa.rd 

y tested R;:i.nge deviation Mean y tested Range deviation Mean y 

- -- ----- ---- -- --- - -- - - . -- - - - -- -
2 0-4 l. 8 2 0.9 - - --- - --- -- - --
l 0-40 1 4 .1 11 1. 3 9 0-4 1. 3 l 1.3 7 

3-:iD 17.3 22 . 8 1- 29 9.7 14 . 7 .6 
.3 13-54 14. 7 35 .4 37-65 9 .8 48 .. 
.3 10-5/ 16.3 30 . 5 l2-55 1,1.6 37 . 4 

l 2. 70 --

1/. 2 43- 74 1 2.9 {il o. 2 51-95 1D.8 68 0.2 
. 2 0-45 16.2 30 .5 28 - 59 8.4 44 .2 

6 
14- 66 18.1 31 . 6 13 

ll-52 10. 2 24 . 4 .3 
- ---- - - -- 1. 03 ---- - -- -- 0.65 

0.4 1,250-9,900 ,) , 254 5,242 0. 6 2,300- 11,400 2,414 6, 133 0.4 
.4 6 59.9-474.1 156 251 . 6 15 11.0.2-546 116 294 .4 

(1.4->9.0) ----- 6.S {2.8->9) -- - -- 7. 5 
Very critical Very critical 

0.6 Not tested - 10-23 4.' 14 0. 3 

0.1 4 7. 5-7. " 1. 2 7. 6 0. 2 13 6.8-7. 5 0. 2 7.2 0.03 

3 Unconfined compressive strength 
65-486 215 299 0.72 

tons/ft2 

(6-47 
MN/m2) 

{21) ( 2'.)) . 72 

3 CompTessional w:i.,e voloc1tv 
6,400 - 8,880 1 , 243 7,690 0. 2 

ft/sec 
( l ,920-2,664 (37 3) (2,307) • 2 

in/sec ) 

3 Shear wave ve locity 
2,660 -4,900 1,147 3,640 IJ, 3 

ft/sec 
(798-1,'170 (34 4) (1,092) .3 

m/soc) 
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FOOTNOTES 

Table 1 

1 Thicknesses were measured i n the field in feet, and were converted 
arithmetically to metric measurements, 

2 Color designations arc from Goddard and others (1948), 
3 See sorting entries on tables 4 and S. 

Tab le 2 

4 Bedding according to class i fication of Potter and Pettijohn (1963, 
p. 69). See Pettijohn (1957, fig. 25). 

5 From Pettijohn (1957, p. 33, fig. 17). 
6 From Pettijohn (1957, p . 56 and fig. 25). 
7 From .Pettijohn (1957, p. 59 and fig. 28). 
8 Unconfined compressive strength, based on fiel<l tests with pocket 

Penetrometer (Soiltest Model CL-700) and converted to the. fol lowing 
scale (Geological Society Enginee;ing Group Working Party, 1972): 

Consistency 

H.ard------
Stiff------
Firm-------
Soft------
Very soft--

kN/m2 

> 288 
144-288 

72-144 
36-7 2 

--:36 

Table 3 

Tons/ft2 

,3 
1.5 -3 
0. 75-1.S 
0.38-0.75 

<O. 75 

9 This is the n1ost subjective, or judguent, evaluation of this table. 
Because of the nonurbani zed nature of the quadrangle, most bedrock units 
either have not been excavated for foundations, or the foundations of 
b uildings are not old enough to have a history of performance. 'l'his 
evaluation is based on field observations of relative permeability, 
frost-heave susceptibility, eros i on susceptibility, natural-slope sta
bility, shrink-swell potential, and natural susceptibility to compact ion. 

Tables 4 and 5 

10 Other surficial units not tested, except for one sample each of 
Piney Creek Alluvium and post-Piney Cre~k alluvium, tested for particle
size distribution. Results of these t ests are sh=n on figure 2. 

11 Field observations indicate that loess has a high shri.nkage poten
tial when the material is wetted. Loess that is wetted, compacted, and 
allowed- to dry expands sligj.tly upon re-wetting, a<: shown above. 

12 Standard deviation: with in the range of the mean plus and rrdnus, 
one standard deviation wil l fal l 68. 3 percent of the values for the 

sanrg l es tested, _ . .. - E: (standard deviation) . 
1., y:coefficient of van.atLon, the ratio X mean 

l't Liquid limit: percentage of water contained ill a sample when the 
sample passes from the plastic state into the liquid stcite; that i s, 
when it begins to flow. The higher the liquid limit, the more compres
sible the material. 

Plastic limit: percentage of water contained in a samp l e when the 
sample passes from the solid state i nto the plastic state; that is, when 
it will defo1111 without rebound or rupture. 

Plasticity index: the di fference. between liquid limit and plastie 
limit. The higher the plasticity index, the more plastic the sample is 
in its natural undisturbed state. 

Plasticity index/Percent clay: activity of clays, a derived indi
cator of clay behavior under load. 

15 Potentlal volume change is the pressure, due to expansion upon 
wetting, that may be exerted by the material on a restraining structure. 
.Pressure here is expressed in pounds per square foot and Ln ki l onewtons 
per square meter. One kN/m2 "' -145Xlo- 3 lb/in 2 • Mean rating is on a 
scale of 1 to 10, and i ndicates the necessity of using sound engineering 
practice in overcoming the instability Qf the material. 

lb / ft::. range 

1,700 

>1, 700-<3,200 

3,200-<4,700 

4, 700-<8,000 

>8,000 

POTENTIAL VOLID-m CHANG'E 
(From Lambe , 1960) 

kN/m2 range 

0- 81 

>81-<153 

153- <225 

22 5- <382 

> 383 

Rating Classification 

1 Noncriti cal 

2 

3 

4 
5 

6 
7 
8 
9 

9 

Marginal 

CrLtical 

Very critical 

Hypercritical 

16 Heave: the amount of heaving, expressed as pnrcent volume increase 
0£ a sample in a consolidometer, is measured for a low confining pressure 
(200 lb/ft 2 ; 9.6 kN/m2) a fter the sample is given access to water. 

17 pl:i: a rreasure of the relative acldlty of the samp le . pH of 7.0 is 
neutral; more than 7 .O is alkal ine and less than 7 .O is a<'.idic. Alka
linity and acidity i ncrease ~vay from neutrality. Excess ively alkaline 
or acidic material requires special engineering techniques to prevent 
harmful chemical reactions in dams, foundations, piling<,, and other 
works of man. 

Figures 5 and 6 

18 Coeff icient of sorting (So = /Q3/Q1) is a statistical measure of 
the dominance Of size ranges in a unit. In this study, well-sorted 
units have So <3.1; moderate ly to moderately well sorted units have 
So <5.6; poorly sorted units have So '>5.6; the three samples of Louviers 
Alluvi um gave So= 17.3 and are classed as unsorted . 
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