however, some errors may remain.

This file was created by scanning the printed publication.
Errors identified by the software have been corrected;

5. SOILS

R.W.E. Hopper and P.M. Walthali
Agronomy Department, Colorado State University
Fort Collins, Colorado

This report describes the soils of the Lost Lake, West
Glacier Lake, and East Glacier Lake watersheds of GLEES
and presents the methods used in conducting both the
field and laboratory work. In addition, general state-
ments about the nature of the mapping units used in
making the soil maps are provided.

Appendix D presents the soil map unit descriptions.
The pedon descriptions for representative soil pedons
of the Glacier Lakes and Lost Lake watersheds are listed
in Appendix E. Included in tabular form in this chapter
are the physical and chemical characterization data for
these soil pedons. The soils map is presented in figure
5.1.

Methods and Definitions
Soil Survey Methods
Field procedures appropriate for making an Order 3

soil survey were used in conducting the soil mapping
(USDA, SCS 1984). These guidelines were exceeded in

several respects, so that the finished soil maps approach
those produced in an Order 2 soil survey. A detailed
geology map (Rochette 1987) of the survey area permit-
ted increased resolution of critical locations of mafic
intrusive rock types and thus allowed design of soil
mapping units that recognized their presence.

Map unit composition was determined by transecting
selected delineations of the mapping units. The infor-
mation from these transects provided estimates of the
proportional amounts of the named components of the
map units, as well as the soil and land types that are
included in most delineations of a given map unit. The
boundaries of each mapping unit were observed
throughout much of their length. Notes on soil morpho-
logical characteristics and landform setting were re-
corded.

Representative pedon descriptions were chosen fol-
lowing mapping in most cases so that the variability in
morphological characteristics for a given soil type could
be considered. Pedons selected to be representative of
the major soils in the map units were described in de-

ROCKY MOUNTAIN FOREST AND RANGE EXPERIMENT STATION

SOILS
GLACIER LAKES ECOSYSTEM

Typic Cryoboralfs complex,
510 20 percent slopes

- Legend -
NATURAL RESOURCE ECOLOGY LABORATORY
COLORADO STATE UNIVERSITY 1 Typic Cryoboralts - Dystric Cryochrepts 6 TypicCry - Dystric Cr 10 - Rock Outcrop comphax,
UNDER U.S. FOREST SERVICE CONTRACT NO 28 -K5-359 complex, 5 to 45 percent siopes compiex, 0 to 20 percent slopes steep 1o extremely steep

Dystric Cryochrepts - Lithic Cryochrepts
complex, 5 to 25 percent siopes

7 Rock Outcrop, quartzite - Dystric o, Permanent Snowfieids and icefields
Cryoctrepts - Lithic Cryochrepts complex, 12 Typic Cryorthents - Rubbleland complex,
151045 t 45 to 75 percent slopes

7m Rock Outcrops, mafic intrusives - Dystric

o A& @ N

" 13 Dystric Cryochrepts - Lithic Cryumbrepts -
tric Cryochrepts complex, Cryochrepts - Lithic Cryochrepts complex, Rock Outcrop complex, 15 1o 45
EXPERIMENTS SITE b 510 25 percent slopes 1510 45 percent siopes percent slopes °
by RW.E. HOPPER REVISED 5-87 Dystric Cryochrepts - Rubbleland, quartzite, 8 Histic Cryaquepts - Aeric Cryaquepts complex, W Water
1
DATE OF PHOTOS : 9/5/86 complex, 25 to 45 percent slopes 0o 10 percent slopes Escarpment

sm Dystric Cryochrepts - Rubbleland,
mafic intrusives, complex,
25 to 45 percent slopes

9 Rubbleland, nearty level to moderately steep

100m 0 100m 200m __ 300m _ 400m __ 500m
—

SCALE 1:6000

Figure 5.1.—Soils map of GLEES.
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tail (USDA, SCS 1981) and sampled for physical and
chemical laboratory characterization. Pedons of major
soils and inclusions were classified in accordance with
Soil Taxonomy (Soil Survey Staff 1975).

2) Unbuffered, neutral salt, extraction of exchange-
able bases and exchange acidity followed the NH,CI
and KCl extraction methods (Arberg 1985).

3) Buffered (pH 8.2) extraction of exchange acidity
followed the BaCl, -triethanolamine extraction
method (Arberg 1985).

4) pH was determined in water and 0.01M CaCl,
(Arberg 1985). Determinations for mineral mate-
rial were conducted at a soil-to-liquid ratio of 1:1.
Determinations for organic soil material were con-
ducted at 1:5 dilution.

5) Organic carbon contents were determined by a wet
oxidation and diffusion method (Snyder and
Trofymow 1984).

The results of these analyses appear in tables 5.1 and 5.2.

Laboratory Analyses

Soil samples were analyzed utilizing facilities of the
Agronomy Department, Colorado State University, us-
ing accepted standard analytical procedures. These
analyses included the following:

1) Particle size distribution in the fine-earth fraction
was determined using the Bouyoucos hydrometer
method (Day 1965).

Table 5.1.—pH-transect data at GLEES.

Map Component Upper  Lower pH Map Component Upper  Lower pH
unit  subgroup depth  depth  (0.01M pH Elev. Slope unit  subgroup depth  depth  (0.01M pH Elev. Slope
no. classif. Hor. (cm) (cm) CaCl1,) (water) (m) (%) no. classif. Hor. (cm) (cm) CaC1) (water) (m) (%)
pH Transect no. 1 pH transect no. 1
5 Ochrept A 0 4 436 477 3386 50 4 Ochrept  Oi&0Oa 11 0 439 480 3292 16
Bw 4 27 4.23 4.88 Bw 0 25 455 5.02
5 Ochrept A 0 5 4.54 516 3378 44 6 Aquept A 0 8 3.85 4.30 3290 2
Bw 5 18 412 4.77 Bw 8 31 3.69 4.31
5 Ochrept A 0 6 4,22 487 3374 47
Bw 6 23 419 4.43 pH transect no. 2
5 Ochrept A 0 5 4.29 484 3365 47
Bw 5 21 4.01 4.74 7 Ochrept  A&E 0 9 3.89 454 3340 35
5 Ochrept A 0 6 3.49 416 3356 22 Bw 9 22 3.86 4.70
Bw 6 25 3.65 4.24 7 Ochrept A 0 12 4.08 495 3328 36
7m Ochrept A&BA 0 6 3.73 423 3353 24 BE 12 28 4.08 4.88
Bw 6 32 3.60 417 5 Ochrept A 0 7 414 496 3316 29
BE 7 21 4.09 5.01
pH transect no. 1 5 Ochrept A/B 0 11 4.00 475 3310 22
BE 1 28 3.97 4.83
6 Umbrept A&BA 0 19 3.83 436 3348 7 5 Ochrept A 0 4 4.04 4.67 3305 23
Bw 19 39 3.83 4.35 BE 4 25 3.97 4.86
6 Ochrept A 0 5 4.03 450 3346 10 4 Ochrept Q&0 6 0 432 546 3300 16
Bw 5 29 3.86 4,35 E 0 8 3.95 4.66
5 Ochrept A 0 4 4.22 461 3345 10 BE 8 25 3.97 4.83
Bw 4 22 377 4.30 8 Umbrept A 0 26 3.90 472 3290 10
4 Ochrept A 0 4 408 457 3343 25 E 26 33 385 4.89
E&EB 4 22 3.55 4.23 8 Aquept Oa 21 0 3.80 4.65 3280 3
Bw 22 31 3.52 4.10 Bg 0 15 3.90 4.93
7 Ochrept A 0 4 434 488 3340 33
BE 4 29 397 4.45 pH transect no. 3
7 Ochrept A 0 3 422 470 3334 34
Bw 3 26 3.97 4.44 1 Umbrept Oa 6 0 4.72 527 3292 30
Bw 0 21 4.27 5.09
1 Boralf Oi&0a 5 0 4.49 518 3295 30
5 Quartzite rock outcrop 3330 52 EB&Bt 0 21 3.51 4.20
5  Ochrept A 0 6 391 447 3307 12 1 Boralf 0i&0 15 0 476 525 3298 26
Bw 6 22 397 454 E&EB 0 15 400  4.65
5  Ochrept BA 0 10 4.01 467 3305 8 1 Ochrept  0i&0Oa 5 0 470 526 3299 30
BEb 10 26 398  4.69 AREB 0 22 371 439
4 Ochrept Oi&A 3 9 4.00 470 3302 24 1 Boralf A 0 8 369 435 3301 10
EB 9 34 3.69 4.25 E 8 22 3.59 4.36
6  Ochrept A&EB 0 17 394 439 3299 13 1 Ochrept  0i&0 12 0 566 6.17 3307 35
Bw 17 29 3.69 4.06 E 0 19  4.43 5.09
6  Umbrept A 0 19 382 425 3296 13 1 Boralf 0i&0 5 0 440 499 3310 9
Bw 19 35 3.82 4.38 E 5 17 3.73 4.42
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TABLE 5.2.—Physical and chemical characterization data for representative soil pedons at GLEES.

\\@\\\“@
& X &
S . & @
P 3§ Q
g e $ S o
€ & FELITS
$ i FR
GLACIER LAKES WATERSHED .
WYGLOOf WYGLOOI 0i&0a 2 0 — — — — —2258 252 003 055 003 067 097 2664 9636 335 399 81.35 5568 31.56 >24.00
wyeloot2 E 0 3315 371 315 459 541 118 029 005 019 836 210 10.46 1218 1406 362 309 2543 2372 673 .45

Typic Cryoboralf ~ WYGLO013  2E9 3 11 527 325 148 619 381 032 020 003 0.08 593 3.00 893 9.56 6.64 369 3.00 1534 1471 414 114
WYGL0014 2Bt 131 608 244 148 713 287 074 068 002 004 645 349 9.94 11.41 1292 3.73 301 1667 1519 895 050
WYGL0015 2BC1 31 66 445 346 209 563 437 077 055 0.01 003 553 412 9.65 11.01 1235 3.85 3.10 16.10 14.74 844 036
WYGLOO16 2BC2 66 100 571 262 167 685 315 034 027 000 002 342 111 453 517 12.37 392 3.19 995 931 643 0.18

WYGL002 WYGL0021 Oi&0a 2 0 - — — — — 1851 251 003 042 007 022 030 21.76 98.64 4.30 4.05 56.13 34.67 38.24 14.05
WYGL0022 E 0 8 631 242 127 723 277 192 050 000 006 156 1.04 260 5.08 48.78 362 3.37 1068 820 2321 285
Typic Cryoboralf ~ WYGL0023 EB 8 16 59.1 282 127 677 323 104 034 000 003 166 139 3.05 447 31.72 365 3.32 862 7.20 1644 046
WYGL0024 BE 16 25 53.0 303 167 636 364 084 033 000 0.03 277 077 354 4752541 360 3.25 11.93 10.72 1012 168
WYGL0025 Bt 25 47 570 243 188 701 299 063 028 000 0.03 355 148 503 598 1577 364 320 14.69 13.74 642 054
WYGL0026  BCt 47 61 551 282 167 662 338 026 0.13 002 003 251 089 340 385 11.71 370 330 734 689 6.14 032
WYGL0027  BC2 61 73 552 282 167 662 338 042 0.08 001 002 210 082 292 315 7.37 381 340 712 689 326 024
WYGL0028  BC3 73 101 59.2 241 167 710 290 012 0.07 000 0.02 203 085 288 300 6.89 384 342 795 7.73 268 018

WYGLO03 WYGL0031 A 0 2 444 326 230 576 424 680 190 002 026 000 010 010 9.08 98.87 550 505 1545 6.47 58.10 257
WYGL0032 2Bw 2 30 773 109 126 885 115 162 073 003 007 033 032 064 3.08 79.14 494 423 748 504 3263 033
Dystric Cryochrept  WYGL0033  2BC 24 47 645 242 114 727 273 075 044 001 002 117 049 166 289 4258 445 378 627 504 1958 024
WYGL0034 3C 46 59 443 423 134 511 489 061 036 002 0.02 124 053 177 279 3642 471 369 862 760 11.79 027

WYGL004 WYGL0O41 A 0 3 497 286 217 635 365 451 100 0.02 0.11 141 058 199 7.64 73.92 448 3.90 20.76 15.11 27.22 2.36
WYGL0042 CA 3 24 417 366 216 533 467 308 076 003 0.08 233 087 319 7.155529 439 373 17.58 1363 2248 1.86
Typic Cryorthent ~ WYGL0043  C1 24 46 519 285 196 645 355 279 069 002 0.06 273 099 372 7.28 4891 438 368 1291 935 2759 1.04
WYGL0044 C2 46 64 622 203 175 754 246 201 048 003 0.04 201 124 325 580 4397 430 36t 18.85 16.30 1352 0.77

WYGL005 WYGLO051 0Oi&0a 3 0 — — — —4038 333 0.05 059 003 039 042 44.77 99.07 474 4.29 8387 39.51 52.88 21.82
WYGL0052 E 0 9 562 303 134 650 350 169 030 002 0.1 248 117 364 575 3667 381 322 472 261 4470 091
Typic Cryorthent ~ WYGLO0053  BE 9 17 624 242 134 721 279 073 020 001 0.04 222 156 379 476 20.39 353 310 692 595 1401 053
WYGL0054 Bw 17 43 544 302 154 643 357 025 014 001 003 264 000 1.90 232 1839 375 310 713 670 599 037
WYGLO0055  BCt 43 64 522 283 195 648 352 034 021 000 003 407 218 625 682 843 382 320 890 833 646 033
WYGL0056  BC2 74 105 542 283 175 657 343 022 028 002 004 418 000 318 375 1516 449 364 875 8.18 650 0.20

WYGLO0O6 WYGLOO61 A 0 5 410 390 200 510 49.0 10589 204 003 040 012 319 3.31 1635 79.79 4.68 4.20 33.09 20.04 39.43 693
WYGL0062 E 5 9 438 386 176 532 468 554 112 005 041 097 058 155 8.36 8143 410 370 1528 847 4457 1.67
Dystric Cryochrept  WYGL0063  BE 9 13 540 285 176 655 345 6.18 118 002 0.05 080 139 220 9.64 77.20 4.02 373 1495 7.51 4976 1.65
WYGL0064 Bw 13 23 454 329 218 580 420 961 193 007 005 124 032 1551321 88.24 4.45 3.87 2240 10.74 52.05 0.91
WYGL0085 BC 23 41 504 363 134 581 419 267 058 001 0.03 000 067 067 396 8313 405 365 634 3.0551.90 044
WYGL0066  C1 4 74 565 341 93 624 376 141 030 000 002 037 031 068 241 71.70 4.01 3.68 377 2.04 4580 0.18
WYGL0067 C2 74 101 586 321 9.3 646 354 143 028 003 002 033 000 0.00 17610000 4.09 3.70 360 1.84 4884 025
WYGLO07 WYGL0071 Ci&Ca 4 0 — — — — —3925 358 003 045 000 031 0314362 9929 4.62 4.10 88.26 44.95 49.07 >24.00
WYGL0072 E 0 10 329 391 280 457 543 406 079 0.03 010 487 062 550 1048 47.55 420 345 19.52 14.54 2553 1.78
Dystric Cryochrept ~ WYGLO073  BE 10 26 39.3 368 238 516 484 219 050 0.03 009 464 133 597 879 3207 4.1 3.30 1760 1478 16.02 1.44
WYGL0074 B 26 55 474 308 218 606 394 1.09 025 002 006 510 1.08 619 760 1859 3.99 3.35 20.81 19.39 6.79 1.36
WYGL0075  BCt 55 85 517 286 19.7 644 356 046 009 002 005 28 077 364 425 1443 427 3.65 19.17 1855 320 1.14
WYGL0076  BC2 85 106 51.7 266 21.7 661 339 042 010 007 005 247 302 549 6.14 1047 4.12 364 1691 1627 390 124

WYGL008 WYGL0081 A 0 21 414 389 197 515 485 653 161 000 019 060 038 097 9.31 8955 4.60 4.13 18.39 10.06 45.31 2.05
WYGL0082  AC 21 51 396 408 19.7 493 507 642 151 0.02 004 1.17 057 174 9.73 82.15 439 3.99 1361 561 5874 0.62
Typic Cryorthent ~ WYGL0083  C1 51 73 521 364 114 589 411 484 113 003 003 026 078 104 707 8526 475 4.20 10.04 4.02 60.00 0.16
WYGL0084  2C2 73 92 645 262 93 7.1 289 307 073 001 002 0.4 059 074 4578392 532 440 623 240 6158 0.1

WYGLO009 WYGL009T A 0 8 40.0 477 123 456 544 239 045 005 011 497 136 622 921 3246 3.89 3.40 31.48 2849 950 6.03
WYGL0092 Bw 8 45 447 349 204 562 438 036 005 0.01 006 357 130 487 535 9.08 389 350 1863 18.14 261 1.90
Typic Cryumbrept ~ WYGL0093  BC 45 84 533 285 182 652 348 045 003 005 002 274 085 359 385 659 4.05 3.60 1546 1521 164 0.39
WYGL0094 2C 84 110 268 510 223 344 656 146 031 0.02 004 536 052 589 7.72 23.72 4.29 3.59 1559 13.76 11.74 0.23
WYGL0095* BC 45 84 679 201 119 771 229 028 004 003 003 178 023 201 239 16.02 3.70 351 877 839 437 1.13
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TABLE 5.2.—(Continued)
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WYGL010 WYGLO101 A 0 9 281 466 253 376 624 470 1.18 0.10 020 551 1.89 7.39 1357 4551 3.83 -3.49 39.61 33.43 1560 7.46
. WYGL0102 B 9 30 308 441 250 411 589 110 020 005 006 654 056 7.11 852 16.54 3.90 3.35 27.00 2558 522 2.38
Typic Cryumbrept ~ WYGL0103 BC 30 59 247 398 355 383 617 125 022 0.04 005 598 0.76 674 8.29 18.73 3.92 3.09 2532 2376 6.14 1.74
WYGLO104  2C1 59 91 740 161 9.9 821 179 023 005 001 002 1.03 214 317 348 B899 410 370 565 534 554 028
WYGLOM05  2C2 9 108 603 263 134 6597 303 032 004 002 001 089 013 102 1412753 410 360 490 451 794 0.19
WYGLO11 WYGLO111 A1 0 11 401 376 222 516 484 777 162 012 021 154 064 2.18 11.90 81.67 4.68 4.00 32.31 22.59 30.08 5.61
WYGLO112 2A2 11 45 180 530 289 254 746 424 101 004 010 530 151 6.92 1220 44.14 437 373 34.84 29.46 1546 3.73
Humic Cryaquept ~ WYGL0113  2AC 45 59 178 426 397 293 705 295 077 003 007 680 220 9.01 12.83 29.78 4.32 3.70 3449 30.68 11.07 1.92
WYGLO114 2C 58 95 367 269 364 577 423 246 071 004 006 410 157 567 894 3660 432 370 23.79 20.52 13.76 1.05
WYGL012 WYGL0121 0Qi&0a 4 60 — — — — —23030 307 002 046 004 031 03523421 9897 470 4.20 76.68 42.82 44.16 19.63
WYGL0122 B 0 19 379 294 328 563 437 1214 329 002 0.15 543 091 6.34 21.93 71.10 3.89 3.44 38.47 22.88 40.53 3.48
Dystic Cryochrept  WYGLO123 BC 19 33 325 362 212 47.3 527 1057 527 001 003 1877 276 2153 37.42 42.46 389 330 47.97 32.08 3313 097
WYGL0124 C 33 55 403 281 31.6 589 411 1189 6.84 0.03 0.03 19.53 4.69 24.22 43.02 43.69 3.89 3.29 34.80 16.01 54.00 0.49
WYGL0125  Cr 55 72 320 280 401 533 467 1393 802 001 006 21.79 2.00 23.79 45.81 48.07 3.99 3.31 57.10 35.08 38.56 0.21
WYGL0126* C 33 55 436 275 289 61.3 387 945 510 0.00 0.03 16.70 2.43 19.13 33.72 4326 3.80 3.30 40.13 25.54 3653 0.45
WYGLO13 WYGL0131 Qe 13 0 — — — — —1423 290 006 021 027 032 0.59 17.99 96.71 4.83 432 48.31 30.92 36.01 14.30
Histic Cryaquept WYGL0132 Ct 0 36 559 245 197 696 304 3.68 090 003 007 116 047 164 632 7404 450 391 1510 1042 3098 194
WYGLO14 WYGLO141  Qa 5 0 — — — — —1337 249 021 052 331 170 501 2159 76.79 3.73 3.40 75.28 58.70 22.03 20.72
Distric Cryochrept ~ WYGLO142 B 0 32 230 441 329 343 657 097 017 007 005 745 270 10.15 11.41 11.08 3.71 342 32.34 31.08 391 331
WYGLO143 BC 32 74 254 418 327 378 622 073 013 000 005 740 113 854 946 975 390 356 2655 2563 347 259
WYGLO15 WYGLOST A 0 7 323 456 221 414 586 2515 345 005 053 004 006 010 29.28 9965 490 461 43.35 1417 6732 489
WYGL0152  2BA 7 15 199 497 303 286 714 634 130 0.09 009 409 003 4.12 11.95 6550 420 3.82 22.23 1441 3519 176
Distric Cryochrept ~ WYGLO153  2Bw 15 33 195 479 326 289 711 128 036 005 0.05 6.36 1.08 744 918 1894 400 359 1949 17.75 892 096
WYGLO!S4 2BC 33 55 21.8 498 283 305 695 028 026 003 002 774 030 801 860 690 397 3551999 1939 297 0T
WYGL0155 2CB 55 83 244 497 262 326 674 094 036 005 003 602 061 664 80t 1717 4.00 3.62 1764 1626 780 0.55
WYGLO1S6 3C 83 108 339 422 239 445 555 037 018 004 007 484 000 474 539 1210 403 372 1273 1208 512 058
WYGLO16 WYGLOY! O0i&0a 4 0 — — — — —4438 264 021 078 158 098 256 5058 9494 362 33911272 6470 42.60 >24.00
WYGL0162 E 0 12 206 448 346 315 685 170 035 011 018 919 186 11.05 13.38 1742 385 3.09 28.10 25.77 830 275
Typic Cryoboralf ~ WYGLO163 EB 12 33 208 426 366 328 672 098 027 004 013 1003 1.08 11.10 1252 11.33 351 320 26.18 2476 542 240
WYGLOI64 BE 33 47 159 430 411 270 730 085 027 003 012 1202 064 1266 1392 9.08 349 320 2872 27.45 440 188
WYGL0165 Bt 47 68 397 321 282 553 447 000 013 004 005 263 427 690 711 3.04 345 330 1728 1706 125 1.35
WYGLOISS BC 68 102 426 296 278 500 410 000 006 002 003 296 034 330 342 348 360 3411037 1025 115 051
LOST LAKE WATERSHED
Ochrept WYLLOOTT A 0 8 444 318 238 583 41.7 1073 184 006 023 003 013 017 13.03 9872 49 465 21.27 841 6045 5.01
WYLLOOT2 Bw 8 23 41 355 235 536 464 559 127 007 005 046 016 032 73 9566 468 435 1179 481 502 1.8
Umbrept WYLLOO21 A 0 11 629 174 196 783 217 132 03 003 013 279 131 41 59 304 38 352231 2051 804 595
WYLLO022 AB 27 589 195 217 751 249 047 01 003 008 3.05 1.14 419 487 1398 383 359 1579 1511 431 384
WYLL0023 Bw 27 37 73 133 154 843 157 0.4 002 004 002 15 066 216 238 931 385 372 11.01 10.78 202 203
Umbrept WYLLOO31 A 0 18 306 36.7 327 455 545 199 037 014t 01 751 204 955 1212 21.14 37 343 41.87 39.31 612 794
WYLLO032 AB 18 35 205 407 388 335 665 064 009 006 004 689 243 9.31 1014 82 373 353697 36.14 225 464
Orthent WYLLOOS1 A 0 4 568 256 176 69 31 521 122 015 013 — — — 1067 628 509 459 1898 1228 35.32 4.41
WYLLO052 C 4 27 611 214 175 74 26 268 072 004 004 — — —10348 337 468 401 11.39 79 3065 217
Orthent WYLLOOBT C 1 31 448 376 175 544 456 513 161 004 008 — — —10685 642 49 416 135 6.64 50.81 -

* — indicates a sample of contrasting material taken from the designated horizon

26



Soil Map Units

The map units used in the soil map represent the kinds
of soil in the Lost Lake and East and West Glacier Lakes
survey areas. A unique set of mapping units was devel-
oped for the survey areas and is described in detail.
Preceding the name of each map unit is the symbol that
identifies that map unit on the map. Each map unit de-
scription includes general facts about the soil and a brief
description of the soil profile.

The map units on the soil map represent areas on the
landscape made up mostly of the soils for which the
unit is named. Most of the delineations shown on the
map are phases of soil families (Soil Survey Staff 1975;
USDA, SCS 1983). No attempt was made to correlate
the soils observed during this mapping effort with ex-
isting soil series. The soils described as occurring in
either survey area were classified to the family level
according to the soil classification system described in
Soil Taxonomy (Soil Survey Staff 1975). The soil fam-
ily is the lowest taxonomic level recognized in this clas-
sification system. Soils of one family discernably differ
from soils of other families by texture, mineralogy, re-
action class (pH), or soil temperature. The major char-
acteristic separating soil families in the two areas re-
ported here was the texture (relative amounts of sand,
silt, and clay) of the fine-earth fraction (< 2mm particle-
size fraction). Soils of one family can differ in the tex-
ture of the surface layer or in the underlying substra-
tum and in slope, stoniness, or other characteristics that
affect their use. On the basis of such differences the fam-
ily may be divided into phases. The name of a phase
commonly indicates a feature that affects use or man-
agement and assists in the identification of these soils
in the field. For example, Typic Cryoboralfs-Dystric
Cryochrepts complex, 5—45% slopes, identifies a par-
ticular combination of soil families occurring on a
unique range of slopes. The absolute and proportionate
extent of each mapping unit in its respective survey is
given in table 5.3. Slight overlap of GLEES boundaries
occurred when the soil units were mapped. The detailed
soil mapping unit descriptions are given in Appendix D.

Most of the map units are made up of two or more
dominant kinds of soil. Such map units are called soil
complexes, soil associations, or undifferentiated groups.
The soil complex was the primary map unit type used
in making the soil surveys reported here. A soil com-
plex consists of two or more soils that are so intricately
mixed or so small in extent that they cannot be shown
separately on the soil map. Each map unit includes some
of each of the two or more dominant soils, and the pat-
tern and proportion are somewhat similar in all areas.

Most map units include small, scattered areas of soils
other than those that appear in the name of the map
unit. Some of these soils have properties that differ sub-
stantially from those of the dominant soils and thus
could significantly affect use and management of the area
delineated. These soils are described for each map unit.

Areas that have little or no soil material and support
little or no vegetation are called miscellaneous areas.
These areas are delineated on the soil map. Map units
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Table 5.3.—Map units and their extents within the GLEES soil survey
area. Total area reflects area of soil survey rather than
area of GLEES listed in Chapter 1.

Total
Map area Percent
Symbol Mapping unit name (hectares) of area
1 Typic Cryoboralfs-Dystric
Cryochrepts complex, 5-45% slopes 8.1 5
2 Typic Cryoboralfs complex, 5-20%
slopes 4.9 3
3 Dystric Cryochrepts-Lithic Cryochrepts
complex, 5-25% slopes 6.5 4
4 Dystric Cryochrepts complex, 5-25%
slopes - 4.9 3
5 Dystric Cryochrepts-Rubbleland,
quartzite complex, 25-45% slopes 6.5 4
5m Dystric Cryochrepts-Rubbleland,
mafic intrusives complex, 25-45%
slopes 4.9 3
6 Typic Cryumbrepts-Dystric Cryochrepts
complex, 0—20% slopes 4.9 3
7 Rock Outcrop, quartzite-Dystric
Cryochrepts-Lithic Cryochrepts
complex, 15-45% slopes 52.1 32
7m Rock Outcrop, mafic intrusives-Dystric
Cryochrepts-Lithic Cryochrepts
complex, 15-45% slopes 6.5 4
8 Histic Cryaquepts-Aeric Cryaquepts
complex, 0-10% slopes 4.9 3
9 Rubbleland, nearly level to moderately
steep 3.3 2
10 Rubbleland-Rock Outcrop complex,
steep to extremely steep 29.3 18
11 Permanent Snowfields and Icefields 8.1 5
12 Typic Cryorthents-Rubbleland complex,
45-75% slopes 3.3 2
13 Dystric Cryochrepts-Lithic Cryumbrepts
—Rock Outcrop complex,
15-45% slopes 3.3 2
w Water 1.4 7
Total 162.9 100

may be composed of one miscellaneous area type, e.g.,
Rubbleland, nearly level to moderately steep; or they
may contain more than one type of area, e.g.,
Rubbleland-Rock Outcrop complex, steep to extremely
steep. Miscellaneous areas may also be included with
soil types in naming the dominant components of a map
unit, e.g., Rock Outcrop, quartzite-Dystric Cryochrepts-
Lithic Cryochrepts complex, 15—45% slopes. In the lat-
ter example a phase of the miscellaneous area has been
recognized.

Representative Soil Pedons

In making a soil map, information obtained by obser-
vation in one area is extended to similar areas that have
not necessarily been directly sampled or even observed.
This process depends on careful selection of modal soil
pedons that may be used to represent the soil morpho-
logical, physical, and chemical characteristics most of-
ten observed or most likely to be observed. Representa-
tive soil pedons were selected for each of the survey areas.
Descriptions of these soil pedons are listed in Appen-
dix E. In addition, physical and chemical characteriza-
tion data for these soils are also included in table 5.2.



The textural classifications appearing in the pedon
descriptions are based on the field hand-texture results
and are modified according to the visual estimates of
proportionate volumetric quantities of rock fragments.
The relative amounts of sand, silt, and clay appearing
in the tables of laboratory data were derived by the
Bouyoucos hydrometer method as cited. Contrasting
particle-size distributions within a soil profile were dis-
cerned by calculating relative amounts of sand and silt
on a clay-free basis. This aids in overcoming the prob-
lem of discerning depositional rather than pedogenic
redistribution of particle-size fractions by eliminating
the potential confounding arising from differential trans-
location, accumulation, and loss of clay in the soil pro-
file. Lithologic discontinuities noted in horizon desig-
nations for the representative profiles are based on the
clay-free distributions of sand and silt.

General Description of the Survey Area

Local alpine glaciation has had a significant effect on
the expressed geomorphology of the Snowy Range wa-
tersheds. However, the classical U-shaped valleys com-
monly associated with alpine glaciation do not occur.
A main ridge along which Browns Peak (3573 m) and
Medicine Bow Peak (3661 m) are located follows a SW-
NE trend and forms the northern extent of the water-
shed. Since no steep-walled valleys existed, permanent
snow and ice masses originating in nivation basins along
the base of this ridge could have easily coalesced and
then flowed in a southerly direction out from the ridge.
The nivation basins, or cirques, now are the locations
of East Glacier Lake (3282 m), West Glacier Lake (3276
m), and Lost Lake (3332 m). Each lake is located in a
separate watershed.

In addition to the glacial influence, the contempo-
rary landscape has been further shaped by nivation and
by colluvial and alluvial processes. Evidence for eolian
effects in some locations is provided by the clay-free,
fine-earth particle size data appearing in table 5.2 and
from Rochette (1987).

The bedrock lithologies of these watersheds are simi-
lar. They are primarily quartzite with 15-20% amphibo-
lite (mafic) intrusions (Rochette 1987). The quartzite
bedrock is extensively fractured in most locations. Soil
material fills most or all of the voids formed by these
fractures. This results in a prevalence of extremely stony,
moderately deep (50-100 cm), and deep soils (> 100
cm) throughout the survey area. Shallow soils (< 50 cm)
are usually limited to close association with rock outcrops.

One of the purposes of this soil investigation was to
determine the relative potential sensitivity of the soils
to acid deposition based on the pH and the base satura-
tion of the soil material. It was felt that bedrock lithol-
ogy could have a major effect on the sensitivity of these
watersheds. Consequently, soil map units were designed
to indicate bedrock lithology where appropriate.

The northern portion of the watersheds consists of a
steep rock wall and talus slopes. Permanent snow and
icefields occur along the upper portions of this wall.

Soils in this area, where present, are minimally devel-
oped. Most of the soils in these higher elevations are
Cryochrepts and Cryorthents. At lower elevations the
forest vegetation types are associated with Cryochrepts
on raised, well-drained positions. Open grass-sedge
meadows are associated with Cryumbrepts. Glacial till
occurs between West and East Glacier Lakes and along
the SE perimeter of the watershed. Cryoboralfs are as-
sociated with these latter sites and generally support
forest or krummholz vegetation.

The Cryoboralfs were found to express the lowest pH
and base saturation values. Typical pH and base satura-
tion (unbuffered, neutral salt method) profiles for se-
lected Cryoboralfs appear in figure 5.2. Typical base
saturation profiles for the Cryochrepts occurring in the
watershed appear in figure 5.3. Pedon WYGL012 is a
soil developed, at least in part, in residuum from mafic
intrusive material. Pedon WYGLOO6 is a soil developed
in colluvium and nivation debris derived from quartz-
ite. The soil represented by Pedon WYGLO007 is also
developed in predominantly quartzite colluvium and
nivation debris; however, mafic intrusives comprised a
significant portion of the rock fragments of this soil and
indicated a significant influence of mafic material in
the soil. This influence probably accounts for the el-
evated base saturation values comparable with those of
the soil developed in mafic intrusive residuum. Repre-
sentative profiles for the major soil types occurring in
the survey areas are compared with respect to base satu-
ration in figure 5.4.
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Figure 5.2.—pH and base saturation (neutral salt method) for se-
lected Cryoboralfs in GLEES.
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Figure 5.3.—Base saturation (neutral salt method) for selected
Cryochrepts in GLEES.
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Figure 5.4.—A comparison of base saturation (neutral salt method)
for selected pedons of the major soil types occurring in GLEES.

The Cryoboralfs occurring in the GLEES watersheds
are generally poorly expressed. Typically only 2% or
3% clay separates the Cryoboralfs and Cryochrepts.
Consistent separation of these soils in the field is diffi-
cult. Reliance on auxillary characteristics such as color
and parent material is of some assistance. The color of
the B-horizons is generally more red in the Cryoboralfs
than the Cryochrepts. Further, the Cryoboralfs appear
to be limited in extent to the distribution of glacial till.
Cryochrepts primarily are developed in colluvium and
nivation debris.

Three transects were run through the Glacier Lakes
watersheds. The purpose of these transects was to ob-
serve variations in the pH of surface and near-surface
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soil material with slope position, elevation, and map
unit. Systematic sampling of surface and upper subsoil
horizons along these transects was performed for pH
determination. Map unit, soil classification, horizon
designation and depths, elevation, and slope data were
recorded at each sampling site. These data appear in
table 5.1. The data indicate that, in general, pH is reason-
ably constant for like horizon for similar soils within and
between map units. Variations in pH occur between dis-
similar soils regardless of map unit, slope, or elevation.
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