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QUATERNARY STRATIGRAPHY

Table 1. Average values for the matrix texture and composition of tills recognized in Chisago County. Matrix texture (the less than
2 millimeter grain size fraction of the sample) is expressed as relative proportions of sand, silt, and clay in percent. The lithologic

A Al B composition of the very coarse-grained sand fraction (1 to 2 millimeters) is expressed in percent as relative proportions of Precambrian
1000 — - y rocks, Paleozoic (mostly carbonate) rocks, and Cretaceous rocks (mostly shale and limestone) using the classification system of Hobbs
’ Qp Rush Lake Rush Creek Interstate 35 Rush City Rush Creek (1998). The Precambrian 1 to 2 millimeter fraction is further differentiated by rock type—Ilight (granite and gneiss), monomineralic
950 — Qnu Gary N Mey er quartz, dark (mafic-rich igneous and metamorphic rocks), red (rhyolite and agate), sandstone, and other; T = trace amount.
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g 700 — INTRODUCTION Qse Sand and gravel (new unit)—Included in map unit Qci on Plate 3. New Ulm Formation till (unit Qnu) 115 5 48 33 19 0 29 64 18 18 3 69 15 4 2 1
w . . . Cromwell Formation till (Automba phase; 26 4 35 42 23 4.6 12 (all) 22 16 38 16 5 3
650 — The Quaternary Stratigraphy plate shows the unconsolidated sediment expected to be Qce Sandy till (new unit)—Primarily deposited during the Emerald phase of the till portion of unit Qlc) (unleached) 6 99 1 0 1
o0 encountered between the. land surface .and bec.lrock in Chisago Cgunty. Tl-le geologic um.ts Superior lobe (included in map units Qct, Qcd, and Qcs on Plate 3), but in Cromwell Formation till (St. Croix and 115 9 63 o5 12 66 64 all 30 50 31 14 4 1
shown on the cross sections were defined using data from previous studies completed in places likely includes till of the St. Croix phase in the upper portions, and Emerald phases; units Qcr and Qce) (unleached) 44 8 2 T 1
the area (see Plate 3, Introduction) and through the interpretation of new data collected for i il i iner-
500 . ( . ) g 1e p : older Superior provenance till in the lower portions. May be finer-textured Pre-Wisconsin Episode, Winnipeg 12 3 34 43 23 72 8l 61 18 14 4 1 1
this study. Some units match those on Plate 3, Surficial Geology, some new units appear towards the base in places, particularly where filling deep valleys. Includes provenance till (unit Qxt) (unleached) 5 65 3 T T
only on the cross sections, others are a combination of multiple units from Plate 3, and i i i i i i
B .Hy h h 1t of dividi it Plate 3 (Fi lp 0 | thick deposits of silty to sandy lacustrine sediment in places. Pre-Emerald phase, Superior provenance 17 9 65 23 12 79 15 (all) 32 20 28 13 4 2
1 000 st1. others are the resu tot dividing a unit rom ' ate 3 (Fig. 1). Outcrops, auger samples, Qsx Sand and gravel (new unit)—Included in map unit Qci on Plate 3. Includes till (unit Qrt) (unleached) 8 9 1 0o 2
, ' Goose . drill core, drill cuttings, a.nd water-well drllle.rs logs (see Plate 1, Data-B.ase Map) were older sediment of both Winnipeg and Superior provenance.
Fish Lake Interstate 35 Creek Harris used to interpret the stratigraphy. The locations of auger, core, and cuttings holes, and
950 T B water wells are shown on Figure 2, but are undifferentiated on the cross sections. Vertical Pre-Wisconsin Episode deposits
900 —H - exaggeration is 50x for all cross sections. Qxt | Loam till (new unit)—Yellow-brown to gray, generally silt-rich, loam-textured
Cé?gg/f St. g:’\(/)éxr Figure 3 is a schematic illustration ShOWing the relationships between age, provenance, till of Winnipeg provenance, with common clasts of Paleozoic carbonate
850 — stratigraphic position, and location of the sediments deposited by major glacial episodes (on (Table 1). Equivalent to the K2 till in Ramsey County (Meyer, 1992), and Borehole name: CR-1 Unique number: 763777 Borehole name: CR-2 Unique number: 763776
Plate 3 see Fig. 3, Table 1, and the Summary of Glacial History section for supplementary correlated with the Lake Henry and/or Eagle Bend formations of central - 34 N- R.21 W, sec. 12; CDDCBA T.37N., R.22W,, sec. 16; ACCDDC
T 800 information). Analysis of the texture and rock types of the Quaternary sediments was done Minnesota (Knaeble and Meyer, 2007). Includes deposits of silty to clayey = evation in feet above mean sea level: 875 Elevation in feet above mean sea level: 924
o for selected geologic units, as listed in Table 1. Figure 4 is a pollen diagram for samples lacustrine sediment, particularly in the thicker sections. Although not Depth  Lithology Description Depth  Lithology Description
§ 750 from a rotary-sonic core drilled for this atlas, and logs of six rotary-sonic cores drilled for identified in the county, sediment of the older, Winnipeg provenance Pierce (fe%tL A _ . . (f%eg
2 oo the Minnesota Geological Survey for this and an earlier study (Meyer, 1993) are shown Formation (Baker and others, 1983; Mickelson and others, 1984; Attig and . Yellow-brown fine-grained sand (New Brighton Formation) . Very fine-grained gravelly sand; fil
g ] e ) ; ) ; . - - - i :
3 in Figures 5 through 10. others, 1988; Johnson, 2000) is likely included in this unit in places. 10 102 Yellow-brown loam to clay loam-textured till (New Ulm Formation)
g 650 —| ACKNOWLEDGEMENTS Qsr | Sand and gravel (new unit)—Sediment of both Winnipeg and Superior ] Yellow-brown sand; mostly fine-grained sand below 18 feet ] Dark gray silty, clayey till
§ provenance. 20— Yellow-brown sand with shale clasts (New Ulm Formation) -20 — Gray silt to clayey silt; silty, clayey diamict 20.5-21.5 feet, layers at 23 and 24 5 feet;
£ 600 — . . . . . . . . . 7 - red clay laminae towards the base
w Many water well companies contributed valuable subsurface information used in this Qrt | Sandy till (new unit)—Red-brown to gray, generally sandy loam-textured till ] = Red-brown sandy till: moderately calcareous (G romwell Formation)
550 — atlas, but special recognition is given to the George Johnson Well Drilling Company for (Table 1); may be finer-textured towards the base in places, particularly '307: -30
exceptionally useful well logs. where filling deep Valleys. Includes thick deposits of Silty to sandy 0 1 Gray-brown sand with shale clasts; mostly coarse-grained 34-35 feet E gai(gy?rsﬁl‘{vn silty till; 38-38.5 feet gray-brown clayey silt, below silty fine-grained sand and
500 — lacustrine sediment in places. Correlated, at least in part, with the River ] gr:/tﬁ;iv;::aa?iyot?e\gzif: zgzlzlli;n:zﬁ;rgﬁvgbi%eiz :IeHVScf)rt:: dA(LCJ:t(r):r]w:)vaveT Ifzfm:sa?i-o‘;obfeelztv 40 B Red-brown fine- to medium-grained sand, very well sorted; gray-brown sandy till layer at 42
DESCRIPTION OF CROSS SECTION UNITS Falls Formation (Baker and others, 1983; Mickelson and others, 1984; Attig 50 e 40 feet) 7 feet; gray-brown below 45 feet
450 — . .. . . . . and others, 1988; Meyer, 1992; Johnson, 2000), which has an uncertain il 50
Each unit description on the cross sections is placed in one of three categories, as . . . . . . . 3
. . o - . . . relationship to unit Qxt. Where not overlain by unit Qxt, may include = ]
400 indicated in parentheses after the description: 1. Surficial Geology unit—unit having an . . . . 60 -60 —|
. . o _ Superior provenance sediment equivalent to the Hawk Creek Till (Matsch, m 7
identical description, label, and color as on Plate 3, Surficial Geology; see Plate 3 for . . . . . * 7
. . - . . . . . . 1972; Lusardi, 1998), and sediment deposited during the Athens Subepisode 70— .
. detailed descriptions. 2. Modified unit—multiple units from Plate 3 combined into one unit . . . ] -70 — — . . .
C C h . 3N . it th ) h . hat h of the Wisconsin Episode (Johnson and others, 1997; Meyer and Stefanova, . ] Gray-brown massive silt; 73.5-74.5 feet very fine-grained sandy silt
1,050 A o Creok B on t.e cross sections. 3. New unit—unit that appears only on the cross sections that ‘as 2009). 0] Gray-brown sand with very fine-grained sand to sandy sift beds . Gray-brown sandy fil; sand and sit beds above 77 feet
ate Righway ry Creel a unique label and color (the new sand and gravel units have the same color to emphasize ] N P— — -80 — — -
: : - 1 uns - - Qsp | Sand and gravel (new unit)—Sediment of Superior provenance, and possibl ] Gray-brown medium- to coarse-grained sand . Gray-brown sand; fine-grained gravel below 81.5 feet
1.000 - their status as potential aquifers). All the till units of the New Ulm Formation are combined P g p p ’ p y ] - N e
) North Branch LA . . S . . - also of Winnipeg provenance in places. 90 —| Gray-brown gravelly sand with sand beds 90 ] Gray-brown sandy till; 93.5-94 feet red-brown sand
Hay Creek Interstate 35 North Branch orth oranen Sunrise River / B Qnu_— \ Qnu into one unit, and the Cromwell Formation is depicted differently than on the surficial . -
950 Qle — eology map to emphasize subsurface hydrogeologic characteristics. Deposits of the three i i i ] - ]
Qbs I //,/ gh &Y P p y g g . p . . . Undifferentiated Quaternary depOSIts -100 — Gray-brown loamy, lgravelly sand -100 — Red-brown sandy to clayey silt; 98-99 feet gray-brown loamy gravel; below 101 feet with
phases of the Superior lobe that compose the Cromwell Formation are divided into finer- . . . ) ) ) N Gray-brown sandy till and loamy, gravelly sand beds B gravel diamicton
900 fosc St. Croix|— and coarser-grained sediment, with the till and fine-grained lake sediment combined as Qu Undifferentiated sedlmel}t (new unit)—Includes till and bedded clay, silt, sand, 1o = Gray-brown loamy, gravelly sand with cleaner zones; 120-121 feet brown-gray silty . Red-brown sandy till
fig Qs | Qcr River aquitards, and the fluvial and coarser-grained lake sediment combined as potential aquifers. and gravel. Shown in areas where control data were scarce or absent. - ] diamict grading to laminated silt 4107, ?&Y}borﬁwsnéﬂzn}yog?? ‘3{;" %dfggvel; mixed with red-brown, nonalcareous silt o sity tl
3 850 g Qsl IR Sand bodies were assumed to divide the deposits of the different phases of the Superior CAMBRIAN. MESOPROTEROZOIC 420 ] J B \Red-brown sandy silt to till mixed with gray-brown sandy till
3 800 —H ? \ | lobe. Except for the finer-grained texture of Automba phase deposits in Chisago County, ’ - Red-brown sandy till; dense Tan sandstone with shells (Eau Claire Formation)
8 o ] se the characteristics of the various tills of Superior provenance are quite similar (Table 1). Cambrian and Mesoproterozoic bedrock—Unit codes are from Plate 2, Bedrock 130 — Fi tive | ¢ . 5 drill " s for thi
g 750— Y — Qce | Without the intervening yellow to gray, fine-textured till of unit Qxt, it was difficult using Geology. . igure 6. De.scrlp;lve.ll(?g o ro;ary-somc core C2R- ’ dri ed by Mark J. Traut Wells for this
® \ Qce primarily water-well records to distinguish the Cromwell Formation from older deposits 140 — study. Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map.
? € QX & . .. . B Gray-brown sandy till mixed with black noncalcareous diamict, gray sandy silt and sand
& 700— — of Superior provenance. It is likely that deposits from three (or more) pre-Emerald phase - _ _ .
= €e \ . . . . REFERENCES 7 Brown-gray to brown, bedded silt and medium- to coarse-grained sand; noncalcareous;
S — advances of the Superior lobe are included in units Qce and Qrt. -150 — AMS data at 151 feet 28,580 years B.P.; pollen indicates cooling upwards Superior
C 650— — ; ; o di ; H H . . . . . . b provenance
g Underllylng bedrock units are indicated by unit b01.1ndarles and labels corre.sp(?ndmg to Attig, J.W., Clayton, L., and Mickelson, D.M., eds., 1988, Pleistocene stratigraphic units of i
600 — Qsx e Qu em | those described on Plate 2, Bedrock Geology. Faults in the bedrock are also indicated. Wisconsin 1984-1987: Wisconsin Geological and Natural History Survey Information -160 = Brown-gray silty, gravelly sand with sand beds
A Circular 62, 61 p- 7 Gray-brown to brown, medium-to coarse-grained sand; noncalcareous; silt bed at 164 feet;
€m QUATERNARY -170 — 169.5-170.5 feet red-brown fine-grained sand
550 — L . . N )
Baker, .R.W.,.Dlehl, J.E., Slmp.son, T.W., Zelazny, L.W., and Beske D¥eh1, S., 1983, Pre - Red-brown sandy till: leached to 188.5 feet
Hudson Episode deposits Wisconsinan glacial stratigraphy, chronology, and paleomagnetics of west-central ;g5 1
500 —| — . . . R K . E
. . - . Wisconsin: Geological Society of America Bulletin, v. 94, p. 1442-1449. n - CR- i .
€m al Lacustrine sediment (Surficial Geology unit). g : .y . 7 P . ] Borehole name: CR-3 Unique number: 270111
450 — | Hobbs, H.C., 1998, Use of 1-2 millimeter sand-grain composition in Minnesota Quaternary -190 — — - - - — T.37 N., R. 21 W, sec. 21; ACACDD
K . . R . 7 Gray-brown sandy till; common gravelly sand inclusions below 208.5 feet, mixed with silty L. .
Qa | Floodplain alluvium (Surficial Geology unit). studies, in Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to Quaternary ] gravelly sand below 210 feet Elevation in feet above mean sea level: 910
400 Ecf studies in Minnesota: Minnesota Geological Survey Report of Investigations 49, p. -200 — Depth Lithology Description
Qp Peat and other organic sediment (Surficial Geology unit). 193-208. . (fee:))
. . 210 —
D D' Wisconsin Episode deposits Jennings, C.E., Aber, J.S., Balco, G., Barendregt, R., Blerman, PR., Bovey, C.W, II., Roy, - Red-brown loamy, gravelly sand, poorly sorted ] Loamy sand and gravel fill, with plastic, etc.
1,150 — — M., Thorleifson, L.H., and Mason, J.A., 2006, Mid-Quaternary in North America, in 220 ; 7 Pebbly clay loam fill, with brick and concrete fragments; 12.5-14 feet mostly fine- to
West Campus formation Elias, S.A., ed., Encyclopedia of Quaternary science: Oxford, England, Elsevier, p. = Red-brown loamy, gravelly sand -10 medium-grained sand with pebbly clay loam balls
1,100— — .. . 1044-1050. ] - Gray-brown to 14.5 feet over yellow-brown fine- to medium-grained sand (New Brighton
Taylors Falls Qwg Grey Cloud terrace (Surficial Geology unit). ) ) ) ) ) ) 230 — 20— formation), over red fine-grained sand at 16 feet (Cromwell Formation); noncalcareous
Johnson, M.D., 2000, Pleistocene geology of Polk County, Wisconsin: Wisconsin Geological . Brown silty, gravelly sand ] Red-brown sandy till; slightly calcareous
1,050 — . : . . E—— . N .
,050 Qwl Langdon terrace (Surficial Geology unit). and Natural History Survey Bulletin 92, 70 p., 1 pl., scale 1:100,000. 240 Gray-brown gravelly, sandy diamict and loamy, gravelly sand; slightly calcareous 307 Sig-l%]grg;\llgasrleltgﬁgne—gralned gravelly sand; brown silty fine-grained sand below 23 feet;
North Johnson, W.H., Hansel, S.K., Bettis, E.A., III, Karrow, P.F., Larson, G.J., Lowell, T.V. - i : i ith si
1.000— . ) ) , s 5 5 5 5 s 5 s 5 s 5 s . .. . . . J White to red-brown, fine- to coarse-grained, quartzose sand with silt beds and zones (Eau
, Interstate 35 Mud Lake Sunrise River Center Lake Pioneer Lake . .. . . . Figure 5. Descriptive 1 f rotary-soni re CR-1, drill Mark J. Tr 11s for thi : " ; : ; N
Qwr Richfield terrace (Surficial Geology unit). and Schneider, A.F., 1997, Late Quaternary temporal and event classifications, Great gure S ese pt © 08 01 otary-sonic core C drilled by Mark J. Traut Wells for this 40 Claire Formation and/or Mt. Simon Sandstone); contact with red-brown Mesoproterozoic
Qp . . study. Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map. - sediment at 97 feet, possible saprolith
950 — VAN | New Brich . Lakes region, North America: Quaternary Research, v. 47, p. 1-12. .
. . Qp “d‘s@“w . ew Brighton formation . : . N
I Ohu T A al 0¥ L . .. . . . Knaeble, A.R., and Meyer, G.N., 2007, Quaternary stratigraphy, in Setterholm, D.R., project -50 —
900— Q ! I Nso Qbs Sand facies (Surficial Geology unit)—Includes unit Qno at depth in places. . . . . 7
P adr | Qsc manager, Geologic atlas of Todd County, Minnesota: Minnesota Geological Survey -
br Qcr a0 —
3 50 N/ Gse ] abe Silt and clay facies (Surficial Geology unit). County Atlas C-18, 6 pls. 60
!i; Se 1 Qse| Qce Qse . Lusardi, B.A., 1998, Salisbury Hill Road cut: A deformed multiple-till section near il
3 800 4ﬂ axt\_ Qdk New Ulm Formation Henderson, Scott County, Minnesota, in Patterson, C.J., and Wright, H.E., Jr., eds., Borehole name: AR-3 Unique number: 247207 '707:
[ A : : . H . . . . . . . . ]
3 Qsr Qni Ice-contact stratified deposit (Surficial Geology unit). Contributions to Quaternary studies in Minnesota: Minnesota Geological Survey T-35N.,R.21W., sec. 19; ACBBBC 7
S 750 \Ct Report of Investigations 49, p. 141-153. Elevation in feet above mean sea level: 890 807
c . . N . . — .
% 700 Qu Qnu Tl;l (lm(;)dl?ed un.lt) .lMapdurlnts Qnttl, inm,.Qn?, and, Q';ld frorill Plate 3. Matsch, C.L., 1972, Quaternary geology of southwestern Minnesota, in Sims, P.K., and Depth Lithology Description 90—
£ netudes acustrine stit and clay at the base In places In the northern cross Morey, G.B., eds., Geology of Minnesota: A centennial volume: Minnesota Geological (feet) -
g sections. 0 — i i : . 7
o ey | . . . ) o Survey, p. 548-560. b Yellow-orange fine-grained sand (New Brighton formation) ; 12-12.5 feet gravelly sand; . o . . .
i few Qsn Sand and gravel lens in New Ulm Formation till (new unit)—Similar to M 1992 . hy. in M L . 125-13 feet yellow sandy till (New Ulm Formation) Figure 7. Descriptive log of rotary-sonic core CR-3, drilled by Mark J. Traut Wells for this
€w unit Qni eyer. G.N., 1992, Quaternary stratigraphy, in Meyer, G.N., and Swanson, L., eds., -10— study. Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map
600 — — : Geologic atlas of Ramsey County, Minnesota: Minnesota Geological Survey County 1 , , , ' ’ '
e - Red-brown fine-grained sand, very well sorted (Cromwell Formation)
€ New Ulm and Cromwell Formations Atlas C-7, 10 pls. 207
550 — — . . . . . . . . .
Qsl Sand and gravel (new unit)—Consists at lower elevations of mostly fine- 1993, Quaternary geologic map of Chisago County, Minnesota: Minnesota Geological -
500—] . to medium-grained sand (map unit Qcl on Plate 3) overlain in places by Survey Miscellaneous Map M-78, scale 1:100,000. -30—
sand and gravel of the New Ulm Formation, but at higher elevations in the ———1998, Glacial lakes of the Stacy basin, east-central Minnesota and northwest .
450 —] - northwest and southeast portions of the county includes gravel of both the Wisconsin, in Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to the Red-brown till, calcareous; 39-40 feet silt, few clay laminae
Cromwell (map unit Qci on Plate 3) and New Ulm Formations. Quaternary of Minnesota: Minnesota Geological Survey Report of Investigations Gray-brown silt; red clay laminae 46-50.5, 51.5-56, and at 58 feet
400 — — -
Cromwell Formation 49, p. 35-48. ) ] _
. . . . . . . Meyer, G.N., and Stefanova, I., 2009, Dating the onset of the last glaciation in eastern Borehole name: AR-4 Unique number: 247208
350 Qlc Lacustrine clay and silt, to till (new unit)—At lower elevations units consists Mi ta: Geological Societv of A 3 Abstracts with P Al 4 T 35N. R. 20 W.. sec. 9: DDADAB
mostly of laminated clay and silt (map unit Qcc on Plate 3), but in the s mnnesota: - Lreological society ol America Abstracts with Frograms, v. 41, no. 4, p. gej-tbarown fslandy il sdllt anz.clay"bedrts l;elow 63 feet Elovation in feet above mean sea level: 863
E E' higher elevations unit consists mostly of fine-textured till (sandy-textured : Red-brown |ne;jgr§|I:1e .Isand’ ‘INe .SOI & e Depth  Lithology Description
. . . . ; i - till; silt -70.5 feet
1,000— _ in the upper portion in places) depOSIted dUrlng the Automba phase of the MIdeS.On’ D.M., (;laytm.l’ L'.’ Baker., R'W." Mo'de, W:N" and Schnelder, AE, ¥984’ Gfay-t:;v:vr;sszr;d); tlil;-si;clatjr;ioz:};;r::n:isr:z::d s(i)lt aon:c(la:y' silty fine-grained sand 80-80.5 (feet)
Interstate 35 Wyoming Comfort Lake U.S. Highway 8 Green Lake Spider Lake State Highway 95 Superior lobe (Table 1; included in map units Qct and Qcd on Plate 3). l;lelstociill.e strlz;tlgraphlcl:) units g)i \;Vls9(:70ns1n: Wisconsin Geological and Natural History fé o i f " e o ; | . S — I B
. . . . - . - - | ellow-prown fine-grained sand, gra elow ee est Campus formation
950— N — Qsc Sand and gravel (new unit)—Included in map units Qci and Qcs on Plate urvey Miscellaneous raper ? P ray-brown fine gra.me_ sand fo stlty gravely san i ] g aray P
Qp ' Qnu ap 3 Gray-brown sandy till with gravelly sand; 86-87 feet silty gravelly sand 107
B i N L : [ - B 10
%00 < ‘ Dsc Qsc i\’i Rsc Qcr Sandy till (new unit)—Primarily deposited during the St. Croix phase of the Gray-brown finely laminated sandy to clayey silt; grades to silty diamict below 97 feet - Red-gray to red-brown fine-grained sand with shale clasts; very coarse-grained 14-14.5 ft
850 sl ‘ ]% /—/ Qf $t. (Croix Superior lobe (included in map units Qct, Qcd, and Qcs on Plate 3). May Gray-brown very sandy till 20— Red-brown very coarse-grained sand with clay balls
- ] Qse |/ River| . . . - - i - N y i ive si i
S |H H‘ H \ 4 e /Qce iver be finer-textured towards the base in places, particularly where filling deep Red-brown very QralVe|.|y sand.y till ] Red-brown to red-gray, varved silt and clay and massive silty clay (Cromwell Formation)
3 ‘ | S§ // . . . . . . Gray-brown sandy till; fine-grained sand 107-107.5 feet 30
= 800— \ / — valleys. Includes thick deposits of silty to sandy lacustrine sediment in , - : - m
s \“| L o % ) Gray-olive sandy till; common local bedrock clasts; laminated silt at 118 feet -
@ m aces. .
Q _x | M Qsg | P Gray-brown sandy till; sand 121.5-122 feet; gray till inclusions at 122, 124.5 feet; red- 40 —
g 750—{Qe ‘ | ‘ ! \ 4 brown below 123 feet -
3 ‘ m ﬂk r i Gray fine loamy-textured till; abundant carbonate decreases with depth; Winnipeg n
5} \ Qsx =n
o 700—] [Qssr €t — provenance 50 —|
= axt €te _ ]
-% 650— Qa | Gray silty till, grades to silt below 141 feet; mixed provenance 60
5 €itc \Qu Gray-brown fine-grained sand with silt inclusions; gray silt to clayey silt below 146 feet 7
. 600— Qu / €tc @ €w | Gray to dark brown diamict with organics; noncalcareous; Superior provenance ]
€w o O - - 70 —
€w 2D o Gray-brown coarse-grained sand to silty, cobbly sand .
550_€W — % B % @ % g Gray to brown clayey silt to silt; noncalcareous 80—
€e L © 2= £EQ - Brown to gray-brown, silty gravelly sand; 158.5-159.5 feet fine-grained to silty very fine- n
| 2 B20 8¢5 grained sand -
500 Jee o ~ 3 858 2§88 -90 —|
m O _»=20 <>a West East Figure 8. Descriptive log of rotary-sonic core AR-3, drilled by North Star Drilling for an earlier -
450 Vertical exaggeration = 50x GIS compilation by R.S. Lively I 12,000 — study (Meyer, 1993). Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map. -100 —|
Edited by Lori Robinson A -
New Ulm Formation deposits—Grantsburg sublobe
Qnu (Qnd, Qna, Qnt, Qnm)
e > > Red-brown clayey till; calcareous
§ $
) N $ N Borehole name: AR-5 Unique number: 247209
x Q ~
CROSS SECTION SYMBOLS o 2 Cromwell F°’ma"°"—A“‘°m8‘|i phase . & o &8 S o i Silt; finely laminated clay 125-127 and at 136 feet; sandy silt1305-131.5 and below
kS c (Qet, Qed) o & & & Q & & T.34N., R.20 W, sec. 22; BDAACC 134.5 feet; diamict laminae 131.5-135 feet
: ; ; CR-2 3 5 S § & Z§ §& Elevation in feet above mean sea level: 915 ' ’ '
\/l Geologic contact—No-line boundaries occur where data are O a gE § £ 5 Sfe :
i i i - i - ; (] ® w o @ a o 9 2 o O Depth Litholo Description Silty, very fine-grained sand very well sorted
insufficient to reliably extend units. Thick, VeFtllcal lll:leS A m s Cromwell Formation—St. Croix phase Qer (Qet, Qcd, Qcs) sample ;& x& & & & & \§O§’ Arboresl polllen/” (feept) ay P Sord - ot
denote bedrock contacts where they touch surficial units, S names L& < < R Q& @ O non-arboreal pollen andy gravel, bi-modal sorting
depicted on Plate 2, Bedrock Geology. é’ Y . cri-46 | BEEE WO | = I 0 3 = AU Loamy very fine-grained sand (New Brighton formation) Red-brown sandy till with sand and silt inclusions
Drill hole—Water-well records from the County Well Index Cromwell Formaiion=Emerald phase Qe (Qct, Qcd, Qes) Rt 0 — - — 10 0 [t | Yellowtill; leached to 6 feet (New Ulm Formation) Fedbrown sandy Tl
. . . . - - -] Lo T =
(Plate 1). The top of the drill hole may not coincide with - 77 SN TR P
h tion surface elevation line because the point 3 29,000 — CR1-159 - - - - | | H _:l IS 0wl Dark gray till Red-brown sandy clayey till with silt and clay inclusions
F © Cross sec L. i K p ) 20— A e Red-brown sandy till; sand and gravel beds 166.5-167.5, 178.5-179 5 feet; silty coarse-
is located near (within 0.3 mile [0.5 kilometer]) but not on - T Jp grained sand 191.5-193 feet, til more dense below; sand 211-212 feet; gravelly sand 214-
the cross section line and therefore may have a different PSB-29 | . I _ | I D _:| B ° =t Reddish loam to sandy loam-textured till 215 feet; fine-grained sand beds 217.5-218.5 feet
Athens subepisode? Qce/Qrt T T e e AR ARRRARS 30— [ : : -
surface elevation. o 4 B [ 20 40 20 40 60 20 20 40 GOW [ 20 40 60 80 100 B Red-brown rT1ed|um.- to coarse-grained sand (Cromwell Formation)
B 1 Red-brown fine-grained sand
Fault in bedrock. ] Figure 4. Diagram showing percent of pollen in an organic-bearing interval in -40 —| No core
_5_ | core CR-1 (Fig. 5) with emphasis on spruce (Picea, blue), pine (Pinus, magenta), - Coarse-grained sand: gravelly below 48 feet
A and oak (Quercus’ ye]low)' Sample CR1-146 was taken at a depth of 146 feet (45 -50 7: IR } Red-brown fine-grained sand, very well sorted; very fine-grained below 57.5 feet; silty,
Hawk Creek till/River Falls Formation? Qee/art meters), CR1-151 at 151 feet (46 meters; and radiocarbon-dated at about 29,000 31 » very fine-grained sand below 63 feet; very fine-grained sand below 66.5 feet
e years before present), and CR1-159 at 159 feet (48 meters). Sample PSB-29 was 60
taken from a similar stratigraphic setting in a hole in Ramsey County, and was T
? D — | radiocarbon-dated at about 32,000 years before present (Meyer, 1992). Pollen in -70 = %%V]:g;‘t’)"fsri‘“'?:;;\rfsgg‘;es"fyez?“d’ poorly sorted; diamict layers with silt inclusions at 68,
a . i o New Ul il — é Lake Henry/Eagle Bend formation Qxt sample PSB-29 indicates a warmer climate at that time, with low amounts derived 50 ] Gray-brown very sandy 1ill calcareous
[o% . . . . - —
nm na 3 : New Ulm silt and clay—— U:J = from spruce and high amounts from pine and oak. A little oak pollen is present 7 i i Gray-brown sandy till; 243-244.5 feet silty gravelly sand, poorly sorted
\ @ gg;’{er in the lower (older) sample in core CR-1, but increased spruce pollen and less 00 7 Red-brown sandy ill, gray-brown below 87 feet; rec-brown silty sand 88.5-90 feet
New Ulm sand within till 3 i indi i i v
. Qsn g River Falls Formation? ant pine pollen indicates a coollng climate from 32,000 to 29,0.00. years ago .(Mftyer ] - : :
New Ulm sand below till = ey and Stefanova, 2009), reflecting the onset of the last glaciation, the Michigan 100 Red-brown silty fine-grained sand; sandy silt 94-94.5, 96-97 feet; 97-98.5 feet brown sandy Red-brown silt with clay laminae; diamict beds below 245 5 feet
Qci Qcl Cromwell sand Qsl a Subepisode of the Wisconsin Episode. ] Orange silty very fine- to fine-grained sand, well sorted; gravelly beds at99.5, 101 feet; Silty fine-grained sand; 249-249.5 feet diamict and silt
] gravelly sandy silt bed at 102 fest Gray-brown silt and silty till with sand inclusions
-1103 Red-brown to brown, sandy clayey silt; moderately calcareous Gray-brown clayey till; very dense, calcareous silt; silt and sand inclusions mostly above
Qcc Qct Qcd | — Cromwell till (Automba phase) —|  Qlc D — ] Brown medium- to coarse-grained sand; sandy silt bed at 112 feet; leached 261yfeet vey ey ' ' Y
Cromwell silt and clay —— Pierce Formation? Qxt -120 —: Brown gravelly sand; red sandy till layer at 115 feet . L . . L .
Qci Qcs Cromwell sand Qsc e ] 7 Red-brown sandy till; calcareous below 118 feet; brown-gray below 121 feet Figure 9. Descriptive log of rotary-sonic core AR-4, drilled by North Star Drilling for an earlier
\ 1307 g/lledium-grained sand, well sorted; sandy till beds at 128.5 feet, brown fine-grained sand study (Meyer, 1993). Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map.
- - elow
— Brown sandy till, mixed with sand to 134.5 feet; sand 129.5-130, 133-133 5 feet; gravelly,
@l Qct Qcd | — Cromwell till (St. Croix phase) —|  Qer EXPLANATION ] below 137 feet
. -140 — Gray to yellow-brown sandy silt; sand in the top 1 foot; organics below 139 feet
I:l (I;Riding_ Mountain provenance I:l guper!?r provenance . Gray sand loam; oxidized sand inclusions below 143 5 feet; mixed provenance
Qi Cromwell sand eposits eposits B . —
Qse Winnipeg provenance Period of sediment erosion -150 —| Ye||OWI.Sh fine- to very c.oar.se gralned sand
deposits and/or deposition of nonglacial b Yellowish gravelly sand; Winnipeg provenance
Qos Qet Qcd Cromwell till (Enerald phase) — | Qce sCediment (if:jchldin%t_hitWest -160—| Gray sandy to clayey till; pebbly at the top and in lower portions; common carbonate
. S ampus and New Brighton - Brown-gray loamy gravelly sand; gravelly sandy diamict below 16 1.5 feet; Superior
Older Superior provenance tills formations above the New n provenance
Qi Cromwell sand Qsx Ulm Formation) -170— Gray-brown, silty, medium- to coarse-grained sand, well sorted; gravelly below 170.5 feet
Older sands ———— Figure 2. Diagram showing locations of cross sections A—A' through E-E', and the Figure 3. Diagram showing relative age, locations (across Chisago County from west . Gray-brown very silty fine-grained gravel; medium gravel 173.5-175 feet and below 179.5
locations of the data points used in compiling stratigraphy for these five cross sections. to east), provenance (on Plate 3 see Fig. 3 and Table 1), and related unit labels from the -180 — feet
Figure 1. Diagram correlating the units on this plate to those on Plate 3, Surficial Blue dots represent water-well drillers' sites with a log recorded in the County Well cross sections for Wisconsin Episode and pre-Wisconsin Episode glacial deposits (Table . Brown to gray-brown coarse-grained silt; silty very fine-grained sand bed at 185 feet
Geology. Index (only shown where within 0.3 mile [0.5 kilometer] of the cross section). Yellow 1); corresponding units from the surficial geology map (Plate 3) are shown in parentheses. -190 Brown, silty, very fine-grained sand
dots include auger borings completed by the Minnesota Geological Survey, the U.S. The age column and deposit drawings are not to scale. Marine Isotope Stage correlations - f%rgtwn to gray-brown coarse-grained silt; very well sorted; less coarse-grained below 193.5
Geological Survey, and the Minnesota Department of Transportation (not shown on were estimated using figures in Jennings and others (2006). The approximate age shown '200*: Gray-brown silt; red dlay beds at 197, 199-199.5, 200.5, 2015, 208.5,211.5, 212.5-
cross sections). Boxes show Minnesota Geological Survey rotary-sonic core sites, for deglaciation of the Grantsburg sublobe (12,000 years before present) was based on . 213,214.5 feet
and black dots depict drill cutting sites. radiocarbon dates from six sites in the Chisago County area (Meyer, 1998). Deposits '210é
of the Emerald phase bury an Ol’ganic horizon in rOtary-SOniC core CR-1 that ylelded a n Brown silty very fine-graiped sand tO 21 65 feet; silt with sand, red clay to 218.5 feet; Every reasonable effort has been made to ensure the accuracy of the factual data on which this map
radiocarbon date of about 29,000 years before present (Meyer and Stefanova, 2009). 220 gravelly sand to 220 feet; over silt, fine-grained sand, red clay interpretation is based; however, the Minnesota Geological Survey does not warrant or guarantee that there
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Figure 10. Descriptive log of rotary-sonic core AR-5, drilled by North Star Drilling for an earlier

study (Meyer, 1993). Location of drilling is shown on Figure 2 and Plate 1, Data-Base Map.
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are no errors. Users may wish to verify critical information; sources include both the references listed here
and information on file at the offices of the Minnesota Geological Survey in St. Paul. In addition, effort has
been made to ensure that the interpretation conforms to sound geologic and cartographic principles. No
claim is made that the interpretation shown is rigorously correct, however, and it should not be used to guide
engineering-scale decisions without site-specific verification.



