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Drillhole S-13 was drilled for atotal of 50 feet bls and was advanced from a starting elevation of 1,192 feet msl to an end of drillhole elevation of 1,142 feet msl. A total of 16 feet of glacial drift and Drillhole S-3 was drilled for atotal of 48 feet bls and was advanced from a starting elevation of 1,184 feet msl to an end of drillhole elevation of 1,136 feet msl. A total of seven feet of glacial drift and z . i H o 200 B
Electric Log 34 feet of Niobrara Formation calcareous shale was drilled. Two boxes of core, containing atotal of 30 feet, are available from this drillhole. Box 1 contains core from the 20 to 37 foot interval. Box 2 41 fe(?t of Niobrara Formation cal Careous shale was drilled. "Two boxes of core, containing atotal of 40 feet, are ava Iable-from this d”“hOI €. Box1 contains corefrom the 810 32 focgt interval. Box 2 3 = 3 ” 5 e . *® ues o) 21— i
contains core from the 37 to 50 foot interval. Individual core faces were photographed from three selected depth intervals; at 32 feet which represents a high value of 72.55% CaCOg3, at 35 feet contal ns core fromthe 3210 48 foo_t interval. Indivi dtlal core faces were photographed from three selected depth mtirval S al 16 feet, which represents an average high value (.)f 65.41% CaC0s, at 22 . £ f 2. 5 i 1 £ £a » Z: i: | ZZZ zzz
SURFACE o which represents an average high value of 55.85% CaCO3, and at 48 feet which represents a generally low value of 19.43% CaCO3. Across the cored and tested intervals of the drillholes, CaCO3 feet, which represents an aeroge high value of ?0'14/0 CaCOs, and & 44 foeet, which represents a IO"(‘)’ valueof 0.69% CaCOs. Acrossthe cored and tested intervals of the arill holoe, CaCOs concentrations £ i 2 [53 e 2 2 |2 3 g . e e |
GLACIAL DRIFT concentration values in core average at 55.07% ranging 58.69% from a minimum of 13.86% to a maximum of 72.55%. Four zones of CaCO3 concentration values greater than 50% are observed valuesin core average at 44.89% ranging 66.43% from a minimum of 0.69% to amaximum of 67.12%. Three relatively thin zones of CaCO3 concentration values greater than 50% are observed from 5§28 = _[I] a8 & = |88 X2 o . ® uss a7 | 4632
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NIOBRARA “Upper White Specks Zone"i- 20 from the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 37 to 46 feet bls. CO2% with depth is also displayed and follows a similar depth profile to CaC0O3%. the tdatta ?)n;tj incl U?he th? Hallgcljﬁ I¥tl medZt(r)lneN _obearIs:n (1:;34), ln(tjap(;etgdtgt acﬁjrt]h olfJ 16 to V%/Z]fteetsgl s.kAZ\N| dco Ecljec;:n chth_Jg of tzhlstest h_oI te Wa:t ;grgpl gtecll whi (C1h9§14()w?: tge(;na ptrhlljthotir'a“ algraphlc o E’L? u g e s & = sample No. 29 3 o = - use | & | s | awas | 01
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UNIT - DESCRIPTION Feet Inches Meters CORE -3 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986) ve & . o X, = S g wo | & f | w
_ _ . _ _ . _ _ 6 Chalk, very pale orange (10YR8/2), oxidized, homogeneous or mottled 2 0 0.61 UNIT DESCRIPTION Feet Inch Met 55 £ S e © v ~ 7 _ _ . _ 19 2818 | 6408
Drillhole S-1 was drilled for atotal of 62 feet bls and was advanced from a starting elevation of 1,219 feet msl to an end of drillhole elevation of 1,157 feet msl. A total of 22 feet of glacial drift and 40 halk. medium liah ligh N6-N led. i | dium b Planoli ce nches eters & s Sample No.27 2 < ph % | 76-85 Shale, light gray (N7), white specks inconspicuous, very calcareous. 1ss 2887 | 6556
: : : o . oI _ : 5 Chalk, medium light gray to very light gray (N6-N8), mottled, irregular medium burrow, uncommon Planolites 8 Chalk liah llowish NB-5Y8/1) with i d bioturbati idized pvrite b ¢ 32 g . 5 <«
feet of Niobrara Formation calcareous shale was drilled and cored. Two boxes of core, containing atotal of 40 feet, are available from this drillhole. Box 1 contains core from the 22 to 48 foot interval. montanus, rare Pseudoperna congesta and inoceramid pieces 8 6 259 alk, very light gray to yellowish gray (N8- ), with vague mottling and bioturbation, oxidized pyrite burrows o . eNo.23 © ﬁg £ . 9 "E g B o . - i
' i ivi ' - ' - . . . ' Planolites montanus iron oxide stains and limonite nodules and patches. 8 10 2.69 ampie No. o S g T £ % * e 258 | 558
Box two contgl ns core from the 48 to 62 foot interval. Individual core faces were photqgraphed from thrge selected depth intervals; at 25 feet, which represents an average value of 56.36% CaCQOg, 4 Chalk, light gray to very light gray (N7-N8), homogeneous to mottled, abundant Planolites montanus, small to medium _ : X1 P E 2 %2 E $ : % %_J . e S |
at 31 feet, which represents arelatively low value of 35.08% CaCOg, and at 37 feet, which represents a high value of 71.79% CaCO3. Across the cored and tested intervals of the drillhole, CaCO3 Pseudoperna condesta near base 1 6 351 7 Bentonite, with abundant biotite and gypsum crystals 0 1 0.03 5 8 M 3 ~3 £ 3 2 ® . o [ |
concentration values in core average at 56.33%, ranging 36.71% from a minimum of 35.08% to a maximum of 71.79%. Four zones of CaCO3 concentration values greater than 50% are observed from 3 Chalk, very light gray (N7.5-N8), bioturbated, irregular burrows, small Planolites montanus, ?Trichichnus sp. and pellet ' 6 Chalk, light gray to very light gray (N7-N8), yellowish gray(5Y8/1) in upper 4', vaguely mottled with some medium § ® > s R © ~ o 1163 237 | 5098 |
the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 48 to 59 feet bls. A Widco Electric Log of thistest hole was completed, which shows the major lithostratigraphic filled i)urrgwsg regsen): Pselu do er’na conagesta ’an d i?\ocerami q ri,sms common T P- P 5 5 165 irregular burrows and small pyritized Planolites montanus burrows, medium and large specimens and fragments of = 2 s % 12 2567 | sasa |
contacts between the glacial drift and the Niobrara Formation and a depiction of the "Upper White Specks Zone" and "High Lime Zone" as interpreted by Carlson (1964). CO2% with depth isalso P ’ Pern: g o P . ' Pseudoperna congesta common. 8 10 2.69 <) ® 8 ust 237 | s080 |
disolaved and foll imilar deoth orofile to CaCO3% 2  Shale, moderately calcareous, medium gray to medium light gray (N5-N6), abundantChondrites sp. form B 0 8 0.20 . . i . . 8 & E & 160 2136 | 6224
Isplayed and tollows asimilar aepth profiie to 370. . o 5 Shale, moderately calcareous, medium to medium light gray (N5-N6), mottled and bioturbated, Chondrites sp. form B 5 - 2 " ® = s |85-88 Shale, light gray (N7), white specks inconspicuous, very calcareous, micaceous, | o7 | wsr
1 Shale, moderately calcareous, medium gray to medium light gray (N5-N6), homogeneous to mottled, abundant . . . 2 t 5 " = ] - deraialy bentoniti
: . S common and conspicuous in upper 3 feet, small pyrite nodules abundant throughout, a large fragment of Inoceramus sp. g 3 € 22 . % moderately bentonitic. s 237 | 4850 L
CORE S-1 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986) Planolites montanus, Pseudoperna congesta and inoceramid prisms E’r’esﬁh_ ress of Section Meastred and Deseribed L 059 at 1'9" above base of unit. 5 2 158 nE 2 s 3 o e P > 7 | g5.00 Srale gt ary (N7t very it ary (N8, o whit pecks, very o Sl R e
) . . . . 5 s T " e - - 2 o - S5/Bx 3 86-109 S - el I overy li I , NO Wnite SPeCKSs, v Calcareous, u | 304 .34
UNIT DESCRIPTION Feet  Inches Meters otal Thickness of Section Measured and Describe 30 0 9.15 4 Shale, slightly calcareous, with coarse sand fraction, medium light gray (N6). 0 9 0.23 ., gz 388% £ 3 T ‘Bi' 2 ~3 " el M e S ek it Aol e A » ey - i
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8 Chalk, shaly, medium light to light gray (N6-N7), "white specks" common, layers of Pseudoperna congesta at 2'9", 1'5" 3 Shale, moderately calcareous, medium gray to medium light gray (N5-N6), vaguely mottled with common, flat - EO® a™ 5 E % 5. |2 c S 8 2 M ® % |90-95 Shale, light gray (N7), contains a few white specks, very calcareous, some ur 2596 | so0a | 90
. . . . - n - S 2 £ 0 i i i
and 4" above base of unit. 6 6 1.98 pyritized Planolites sp. and Chondrites sp. form A burrows, pyrite nodules present. 4 10 1.47 59 sBe Ta E 35 SR P o . e o ironstone stemlike concretions 73 w3 | 517 7
I 1 1 H i i i i P H o 4 . 17 4.97 | s6.7 will; . . 0l - 0A
7  Chalk, shaly, light gray (N7), "white specks" present but less conspicuous than unit above, some bioturbation with 2 Shale, as in unit 3, with a layer of small Pseudoperna congesta present. 0 1 0.03 5 8 N & @ N = 2 . o 12| "High Linge Zorje
medium and large irregular burrows. 1 9 0.53 1 Shale, moderately calcareous, medium gray to medium light gray (N5-N6), vaguely mottled to homogeneous, with " o ot | cass
6  Bentonite, with abundant mica. 0 0.3 0.01 oxidized, pyritized Planolites sp. burrow, Chondrites sp. form A burrows and pellet-filled burrows and fecal pellet s | 95-97 Shale, light gray (N7) to very light gray (N8), no white specks, very calcareous, | s 252 | o118
5 Chalk ; it 7 3 5 1.04 aggregates; a pocket of fish bone and Lingula sp. hash at base. 7 5 2.26 _ . . _ _ . _ _ _ % slightly micaceous, some ironstone stemlike concretions. 1168 2012 | 6623
alk, as inunit 7. : : : - Drillhole S-4 was drilled for atotal of 40 feet bls and was advanced from a starting elevation of 1,187 feet msl to an end of drillhole elevation of 1,147 feet md. A total of eight feet of glacial drift and 32 o7 | 97-100 Shale, very light gray (N8), no white specks, very calcareous, scattered 167 zr2 | oo
. . . Total Thickness of Section Measured and Described 36 0 10.98 - i : oA : : arE ; : 7 w“ Tonstone concretions. idhily micaceous e e | oean
4 Bentonite, as in unit 6. 0 0.3 0.01 feet of Niobrara Formation cal careous shale was drilled. One box of core, containing 20 feet, is available from this drillhole. Box 1 contains core from the 20 to 40 foot interval. Individual core faces were » Siigntly : o e //
. - . . . . 99 1165 24.13 54.87
3 Chalk, asin unit 7. 1 4 0.41 photographed from two selected depth intervals; at 28 feet, which represents a high value of 68.00% CaCO3, and at 34 feet, which represents alow value of 5.00% CaCO3. Across the cored and tested 1o | 100-103 Shale, medium gray (N5), no white specks, slightly micaceous, slightly e vio | o | o
2 Chalk, light gray (N7-N7.5), bioturbated with medium and large irregular burrows, small or flat burrows of Planolites intervals of the drillhole, CaCO3 concentration values in core average at 44.08% ranging 55.71% from a minimum of 12.29% to a maximum of 68.00%. Two zones of CaCO3 concentration values o bentonitic, contains some pyrite nodules, slightly cal careous. 6 1002 | 2278
i % are observed from the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 20-29 feet bls. A Widco Electric Log of this test hole was completed which 102 w2 | o5 | 13
sp. occasionaly present. 11 11 3.63 greater than 50 ’ o . . . . B el
- - - - : : shows the major lithostratigraphic contacts between the glacial drift and the Niobrara Formation and a depiction of the "Upper White Specks Zone" and "High Lime Zone" as interpreted by Carlson o | 103-106 Shale, medium light gray (N6), contains some white specks, slightly micaceous,| e 843 | 1015 |
1 Chalk, light gray (N7-N7.5), bioturbated with conspicuous Planolites montanus burrows, small to medium Pseudoperna ) : : . . : : : 04 : " .
con estagneag bzsg ) P 6 1 185 S-2 T.152N., R.56 W. Sec.24, NE1/4, NE1/4, Grand Forks County _ (1964). CO2% with depth is also displayed and follows a similar depth profile to CaC0O3%. Samples from the "High Lime Zone" were collected from the 21, 23, 25, 27, and 29 foot depth intervals from 125 moderately bentonitic uz: :Z ng
CONgESta ' Total Thickness of Section Measured and Described 31 0 9' 45 s Lithology £ g § o S— 2 drillhole S-4 and analyzed by X-Ray Diffraction for mineral identification. A glycolated sample was also run during the analysis for the purposes of differentiation of montmorillonite clays from other s | 106-109 Shale, as above; with scattered shell fragments and pyrite nodules. 1158 e
: 8 m 8 | 8 | o clays within the sample. 107 57 1007 | 2008
o | 0-19.5 Glacia drift; clayey till. 1207 — 108 1156
1 1206 CORE S-4 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986) ws [ 109-110 Shale, medium dark gray (N4), no white specks, slightly micaceous, slightly 155 1097 | 200
2 1205 UNIT DESCRIPTION Feet Inches Meters 110 bentonitic, slightly calcareous. End of Drillhole at 110 ft. 1154 578 | 1314 | 190 Zii
S-10 T.I53 N, R.56 W. Sec.1, SE1/4, SW1/4, Grand Forks County j 22‘3‘ 4  Chalk, massive, light gray to very light gray (N7-N8), highly bioturbated with medium-sized irregular burrows and Electric Log
‘ s - | € 0 . 02 pyritized Planolites montanus burrows common. 9 6 2.9 SURFACE .
g el g T S—lo 5 - 3 Chalk, shaly, light gray (N7-N7.5), highly bioturbated with medium and large burrows, medium-sized specimens and “ B
— - _GLACIAL _DRIFT
o | 0-8Glacia drift; clayey till. 1210 7 1200 fragments of Pseudoperna congesta present. 1 5 0.43 - - 40
L 1200 ¢ 1o 2  Shale, slightly to moderately calcareous, medium gray to medium light gray (N5-N6) with much color variation, NIOBRARA g';g:;s ;,hr:;f - 60
T TN R S W S 30 Nt SElA G oG z 1228 190 E: 10 ] homogeneous to conspicuously bioturbated, including flat pyritized Planolites sp. and Chondrites sp. common, FORMATION - 80
Lo ' e ou:ty —Tz = . 105 " 16 scattered Pseudoperna congesta, small pyrite nodules much oxidized, light gray (N7) in bottom 2". 4 1 1.24 . "High Lime Zone" =100
g g 18] o 5= @ » mw S—7 5 1205 1 19 1  Shale, moderately calcareous, medium to medium light gray (N5-N6), homogeneous to conspicuosly bioturbated with TD. 110 FEET
o | 0-18.5 Glacial drift; clayey till, boulders and sand. 192 0 ° NIOBRARA FORMATION 1204 = o4 medium and large irregular burrows and very small, often flattened, pyritized Planolites sp. Burrows, small fragments
1 w 1 620 Sele ariled ot o it — ; . of Pseudoperna congesta present, Lingula sp, 2" 1" above the base of the unit. _ _ 5 0 1.52 Drillhole S-5 was drilled for atotal of 110 feet bls and was advanced from a starting elevation of 1,264 feet msl to an end of drillhole elevation of 1,154 feet msl. A total of 34 feet of glacial drift and 76
\ o . 00 0] © 01 Total Thickness of Section Measured and Described 20 0 6.09 feet of Niobrara Formation calcareous shale was drilled. Four boxes of core, containing atotal of 70 feet, are available from this drillhole. Box 1 contains core from the 40 to 64 foot interval. Box 2
“ 118 10 1200 v 1190 contains core from the 64 to 86 foot interval. Box 3 contains core from the 86 to 109 foot interval. Box 4 contains one foot of core from the 109 to 110 foot interval. Individual core faces were
° uer " 1o 1 18 photographed from three selected depth intervals; at 66 feet, which represents an average high value of 50.21% CaCQOg3, at 88 feet, which represents a high value of 69.34% CaCO3, and at 102 feet,
: - ; e ¥ NIOBRARA FORMATION ues 0 which represents alow value of 1.35% CaCO3. Across the cored and tested intervals of the drillhole, CaCO3 concentration valuesin core average at 49.49% ranging 67.99% from a minimum of 1.35%
, o j i: 2119521 Sgnatl gh%ie(l: lowish gray (5Y 8/1), some white specks, very calcareous, moderately ner el to a maximum of 69.34%. Four zones of CaCO3 concentration values greater than 50% are observed from the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 87 to
21 . 1186 21.74 49.44 . . . . . . . . . . . - - -
9 1183 . B s ., | 21-24 Shale, light gray (N7), common white specks, very calcareous, slightly bentonitic. o e | eron 98 feet bls. A Widco Electric Log of thistest hole was completed which shows the major lithostratigraphic contacts between the glacial drift and the Niobrara Formation and a depiction of the "Upper
1 ez 16 1104 ” e S White Specks Zone" and "High Lime Zone" as interpreted by Carlson (1964). CO2% with depth is also displayed and follows a similar depth profile to CaCO3%.
i i:: Y e 2 | 24-25 Shale, light gray (N7), white specks common, very calcareous, slightly micaceous. 13 3099 | 7048 S-12 T.I53N. R.55W. Sec.31, SW1/4, SW1/4, Grand Forks County
1 w7 1 ez s | 25-28 Shale, light gray (N7), white specks common, very calcareous, slightly bentonitic. 182 2410 | 5482 _ 5 s | < ) CORE S-5 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986)
19 1101 20 s Lithology ] S o}
" » | 20-28 Shale, no core recovery 26 E : g 18|, 2 % T S-12 UNIT DESCRIPTION Feet  Inches Meters
15 1177 ’ ' 7 Hee e | e o | 0-16.5 Glacial drift; clayey till. 1202 8 Chalk, shaly, with "white specks" commmon to abundant, evenly bedded, medium light gray to light olive gray (N6.5-
16 ure # e 2 | 28-33 Shale, light gray (N7), white specks inconspicuous, very calcareous, moderatel 7 2610 | 5937 ' : P ) ' : R :
. NIOBRARA FORMATION s 2 1188 2 bentoniti%. oray (N7) ® spicuious, very Y s w0 | sam0 . 1201 5Y6.5-1), occasionally mottled, small to medium Pseudoperna congesta present, distinct layers of P. congesta at 11'9",
* [718.5-20 Shale, no core recovery. = # uer 20 ur 200 | seee | X z E;’;’ 10'10" and 9'4" above the base of the unit. 25 6 7.77
o | 20.22 Shate very liaht ar (N&), no white specks, very calcareos, slightl o 2 . - s urs 2t | soo \ o 7 Chalk, shaly, transitional interval, medium olive gray to medium light olive gray (5Y5.5/1-5Y6/1) with large irregular
2 bentonitic, o 0 SPECES VY SO an war | som | | 2 ™ * . . T : - burrows, some "white specks" present. 1 0 0.3
. . . 3 | 33-35 Shale, light gray (N7), abundant white specks, very calcareous. um | 2 | 261 | 5038 . . . . . ..
2 | 22-24 Shale, very Ilgi&t g;taé/ (’\tis)'t no twhute specks, very calcareous, slightly uo 1709 | 389 27 1183 u I -0 I 6 119 6 Chalk, light gray (N6.5-N7.5), bioturbated, usually mottled with medium and large irregular burrows, pyritized
? (TICACEOLS, mOacierefiely Bertonic. e e | ot 2 1182 - i i itei 2 I 7 uss Planolites montanus burrows are a minor constituent, possible thin bentonite with abundant biotite (?) crystals 1'8"
# | 24-27 Shale, very light gray (N8), no white specks, very calcareous. ues | 20 | T » | 29-38 Shale, light gray (N7), contains abundant white specks, very calcareous. us1 2541 | 5779 Zz 3 45§%h gg’»ﬁg 'C'Ogr?égﬁ‘)yn(s'\? ?gﬂt?;v nqlitceacmemlgs' very calcareous, scattered pyritein form i:i g ZZ :: 8 1194 above the base of the unit P () ery 16 8 508
& _ _ _ il "High Limp Zo if ij: ZZ :ZZ Z i;‘; g z:z :: 190 izz 10 5 Chalk, massive, light gray (N7-N7.5) to very light gray (N7.5-N8) in bottom 6 feet, pyritizedPlanolites montanus
. 27-30 zhe?'n?i l‘(’ggougpett%% (N8), no white specks, very calcareous, some ironstone P 2 u7s 6t | 4638 . " e | cone B “ o1 abundant, layer of Pseudoperna congesta and Inoceramus prisms 7'5" avove the base, micaceous fine-grainedsand layer
29 1163 § 29:59 67:29 3 nm 2456 | 5589 40 1167 2646 | 6018 | 40— 12 1190 6|8" abOVG the ba.se Of the Unit. 11 7 3.53
w | 30-32 Shale, very “ghcti graéI (NbS), no white specks, very calcareous, slightly e | & |z | o : i:: z’:: ::7 n 166 2060 | 6513 PR 4 13 1189 4  Chalk, shaly, medium light gray to light gray (N6.5-N7.5) with conspicuous mottling and medium to large irregular
W micaceous, moderately bentonitic. S s [T @ s wst | g™ MIGN LIME ZONE® g 1 1169 burrows; a basal sand with ?phosphatic fragments, medium to large Pseudoperna congesta 0 11 0.28
» _ . . . . . . 1160 824 1874 36 1174 E 21.86 | 49.72 ' . ’ ' .
» % prhgfgﬂ?g'rﬁi@ Ié%@a?gjél\ég)ﬁt%?g?oafbﬂi%g%gagmtlC' nowhite 1150 7 w73 § 67 | 028 i i: //Zf Z:jz . NIOBRARA FORMATION e 3 Shale, slightly to moderately calcareous, medium to light gray (N5-N6), near the top Chondrites sp. form B burrows
. . . . X ) — - Ari T H 1186 . .
u | 34-37 %&;al v\?ﬁirtrzaedigc‘l]( gray (N5), micaceous, slightly bentonitic, slightly calcareous, | uss 254 | 576 w | 38-39 Smhgd%r gt%lhyt/ %réna% cErl:li;)c,.whlte specks inconspicuous, moderately calcareous, ur é 2128 | 4830 s | 45-47 Shale, very light gray (N8), no white specks, very calcareous, scattered shell fragments,| s N ) 16.5-20 Shale; drilled with rock bit. - - B common, occasional Inoceramus prisms present. 6 3 1.01
z: specks. i: | j: ig-jg ige, :ggm gray Emg white speckhs_tinconsglzicuous, vatlary calcareous. i:’ g :: :Z e . 4sil|glmy m;c;)aceou: I 61 228 | 6420 " e 2 Shale, moderately calcareous, medium to medium light gray (N5-N6), "white specks" present, flat pyritized Planolites
- el I , COmMmMmon wnite SPeCKS, very calCareous. z ' ' - s ) . . X i
w | 37-40 Shale, medium light gray (N6), contains some white specks, scattered shell 1155 " gntgray P y o N Z 48.49 o al‘;’ anf edig‘r’ﬁ”g'h% grg;y 8”\1 g)r,“n'gwhi te specks, non-calcareous, sightly micaceous, E:: 2;:25 jz : | 19 . ' . _ 1183 sp. burrows common, whole specimens and fragments of F_’seudoperr_la congesta present. N 2 9 0.84
® fragments, slightly micaceous, slightly bentonitic. uss 1526 | 3471 2 | 42-43 Snale, light gray (N7), white specks inconspicuous, moderately cal careous. 168 1832 | aes dightly bentonitic. o . _ D I s 20 | 20-22 Shale, very light gray (N8), white specks inconspicuous, very calcareous. 18 1  Shale, moderately calcareous, medium gray (N5-N5.5), with Chondrites sp. form A burrows and flat pyritized
% 1153 s | 43-49 Shale, light gray (N7), white specks inconspicuous, very calcareous, slightl 167 2584 | 5876 “ | 49-49.5 Interbedded shale, medium light gray as above and light gray (N7), contains some 1158 810 | 705 2 1181 +——[ 3164 | Planolites sp. common 1 10 056
4 End of Drillhole at 40 ft. 52 369 | 884 | a0 bentoniti% o pee * i o 0 white specks, moderately calcareous, contains some pyrite nodules. 157 50 2 | 22-23 Shale, light gray (N7), common white specks, very calcareous, slightly bentonitic 1180 287 Ianofites sp
: . . . . . L " ' nee | 20 8 End of Drillhole at 495 t. > gt gray L), con '© SPECKS, Very > SIIONTY - ' Total Thickness of Section Measured and Described 66 6 20.27
Drillhole S-7 was drilled for atotal of 40 feet bls and was advanced from a starting elevation of 1,192 feet msl to an end of drillhole elevation of 1,152 feet msl. A total of 18.5 feet of glacial drift and 21.5 = uss | 2536 | ste7 2z | 23-30 Shale, light gray (N'7), white specks inconspicuous, very calcareous, slightly bentonitic. | 2147
feet of Niobrara Formation calcareous shale was drilled. One box of core, containing atotal of 20 feet, is available from this drillhole. Box 1 contains core from the 20 to 40 foot interval. Individual core 46 164 280 | 5876 Electric Log # e 2o
faces were photographed from two selected depth intervals; at 25 feet, which represents an average high value of 66.77% CaCOg, and at 36 feet, which represents alow value of 5.35% CaCO3. Across :; iz :jz z;j SURFACE z: EZ z:
the cored and tested intervals of the drillhole, CaCO3 concentration values in core average at 47.20% ranging 63.76% from a minimum of 5.35% to a maximum of 68.00%. One zone of CaC03% values w | 49-50 Shale, light gray, abundant white specks, very calcareous et oo | sae GLACIAL DRIFT — -0 . e e
gremher th?rl] 50% is observed from the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 21 to 31 feet bls. CO2% with depth is also displayed and follows asimilar © | 50-52 Shale, I ght gray’ (N7), white specks inconspicuous, very calcareous, slightly 5o ot | arse NIOBRARA C..Upper White Specks Zone"gj _-ig 9}7 - - .
ept proti eto CaCO3%. 51 bentonitic. 1159 2467 | 56.09 ey . 0 - 29 173 2564
. . . | +— FORMATION High Lime Zone _ _ _ N
— 52 | 52-60 Shale, very light gray (N8), no white specks, very calcareous, scattered ironstone 1158 +— | 3045 | 69.26 T D. 495 FEET 3 | 30-31 Shale, medium light gray (N6), no white specks, very calcareous, moderately bentonitic. 172 2251 11 T.152 N.. R.56 W. Sec.1. SW1/4. SE1/4 Fork
CORE S-7 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986) 5 stemlike concretions. 17 2535 | 5766 | 31-37 Shale light gray (N7), white specks inconspicuous, very calcareous, slightly micaceous, | uwn | B | s S 52 N., R. 56 W. Sec.1, SW1/4, SE1/4, Grand Forks cOun:y _ _ S-ll
UNIT DESCRIPTION Feet Inches Meters _ 54 1156 2437 | 55.43 - scattered ironstone stemlike concretions. 170 '§ 2525 £ Lithology § SN g o 25 s 75 100
8  Chalk, light gray to very light gray (N7-N8), mottled, abundantPlanolites montanus. 4 5 1.35 ® 15 733 | 8305 Drillhole S-2 was drilled for atotal of 42.5 feet bls and was advanced from a starting elevation of 1,207 feet msl to an end of drillhole elevation of 1,158.5 feet msl. A total of 19.5 feet of glacial drift and % wo | & | s — _ U § 18 o |
7  Chalk, very light gray (N7.5-N8), homogeneous and mottled, abundant Pseudoperna congesta. 1 0 0.31 : i:: 22::7 :jgj 30 feet of Niobrara Formation calcareous shale was drilled. One box of core, containing a core interval of 5.6 feet, is available from this drillhole. Box 1 contains core from the 44 to 49.6 foot interval. u ues | £ | % ¢ |0-8Glacial drift; clayey till. 1
' ' ! . . . . . . . @ 1 1178
6 Chalk, very light gray (N7.5), mottled, small diameter Planolites montanus burrows. 4 11 15 . e roos | s | | Individual core faces were photographed from two selected depth intervals; at 44 feet, which represents an average high value of 63.75% CaCQOg3, and at 49 feet, which represents alow value of 7.05% % uer |9 | 2701 , o
; : i : [ i ' i .67% ranging 63.43% from a minimum of 7.05% to a maximum of 70.48%. Five zones of % 1166 %2
5  Chalk, very light gray (N7.5), with abundant, large Pseudoperna congesta in a concentrated layer. 0 1 0.03 @ st zaro | esar [, Lo 4 . CaCOs. Acrossthe cored and tested intervals of the drillhole, CaCOgs concentration valuesin core average at 55.67 ging 6o. _ _ _ : , : , . J I B 3 176
4 Chalk light gray (N7), mottled, Planolites montanus common. 0 8 0.9 @ | 60-62 Shale, very light gray (N8), no white specks, very calcareous, scattered shell 1150 s | wss | 11GN LIME ZONg CaCO3 concentration values greater than 50% are observed from the data, and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 36 to 46 feet bls. A Widco Electric Log of this z; 3ral Syﬁ'tgj light gray (N'7), no white specks, very calcareous, slightly bentonitic, scattered - o . 1175
3 Sec tio’n missing ’ ' 0 5 0.05 o fragments. ' . ' N 1149 2003 | o602 test hole was completed which shows the major lithostratigraphic contacts between the glacial drift and the Niobrara Formation and a depiction of the "Upper White Specks Zone" and "High Lime N e o 5 174
> Shale calcareou.s medium gray to medium light gray (N5-N6), homogeneous to mottled, common flat Planolites sp ' 2 | 62-66 Shale, very light gray (N8), no white specks, very calcareous, slightly bentonitic. 18 227 | 6428 Zone" asinterpreted by Carlson (1964). CO2% with depth is also displayed and follows a similar depth profile to CaCO3%. " 1162 w005 6 s
) ) - ) ) -, 63 1147 2204 | 5216 ) ) ] : S NIOBRARA FORMATION 172
Chondrites sp. form A Pseudoperna congesta. 3 0 0.91 64 1146 3068 | 6978 | SE NW 2 41-45 StShere]‘fl]ﬁik\(laerc)(;rl]IC?Qtﬁ g{gy (N8), no white specks, very calcareous, scattered pyrite nodules and iz: z:.jz . | 820 Shale; drilled with rock bit, o
1  Shale, moderately calcareous, medium gray (N5-N5.5), with Chondrites sp. form A burrows and flat pyritized | 66-67 Shale, light gray (N7), no white specks, slightly bentonitic, very calcareous e w8 | en 1230 1230 N 5o s 9 1170 o
66 ’ ? . ’ ! ’ 1144 27.85 63.34 | 8
i scattered shell f ts, :
Planolites sp. common. . . . 4 4 1.32 6 | 67-68 Shalg,r medium E)arga;n més),nr}é)c%mgsspecks, slightly calcareous, moderately 1143 | 1828 | 4157 N TR : 44 _ _ 1158 2781 i) izz
Total Thickness of Section Measured and Described 18 8 5.67 & bentonitic. End of Drillhole at 68 ft. T 5 | ses | o : S.5 DRILLHOLE PERCENT CALCIUM CARBONATE CORRELATION DIAGRAM SHAWNEE-McCANNA AREA s | 45-46 Shale, light gray (N7), no white specks, very calcareous. 157 1928 ’ o
. . . . . . . . . 1220 1220 4 | 46-48 Shale, very light gray (N8), no white specks, very calcareous. 1156 30.39
Drillhole S-10 was drilled for atotal of 68 feet bls and was advanced from a starting elevation of 1,210 feet msl to an end of drillhole elevation of 1,142 feet msl. A total of eight feet of glacial drift and i 13 1166
60 feet of Niobrara Formation calcareous shale was drilled. Two boxes of core, containing atotal of 42 feet, are available from this drillhole. Box 1 contains core from the 17 to 47 foot interval. Box 2 I :; 48-49 ggacgerguottls??,rl]it?hwc%yc SSIJ) é”}thhﬁ"%ﬁ{gﬁ“ft‘iﬂm gray (N5), no white specks, very i:j /% 1 1165
contains core from the 47 to 68 foot interval. Individual core faces were photographed from three selected depth intervals; at 45 feet, which represents an average high value of 57.67% CaCQOg, at 52 1210 1240 % | 49-50 Shale, mos’med? mZdium gray?N5fjwi%f1 alittle light gray (N7), micaceous, slightly 153 755 ® e
feet, which represents a high value of 69.26% CaCO3, and at 68 feet, which represents alow value of 5.65% CaCO3. Across the cored and tested intervals of the drillhole, CaCO3 concentration values a 50 bentonitic, slightly calcareous. End of Drillhole at 50 ft. 1152 823 16 e | 2
in core average at 55.49% ranging 64.13% from a minimum of 5.65% to a maximum of 69.78%. Seven zones of CaCO3 concentration values greater than 50% are observed from the data and include ' Z EZ g
CEMENT ROCK MINERAL RESOURCESOF THE SHAWNEE-McCANNA AREA the "High Lime Zone" of Carlson (1964), interpreted at adepth of 57 to 66 feet bls. CO2% with depth isalso dlsplayed and follows asimilar depth profileto CaC03%. 1200 1200 1 1160 g
CORE S-10 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986 , , : . . : : . 20 | 20-22 Shale, very light gray (N8), no white specks, very calcareous, scattered ironstone 1159 %
The Cretaceous age Niobrara Formation was cored in ten test holesin the Shawnee-McCanna area. The stratigraphic thickness of Niobrara Formation sampled by these coreswas UNIT DESCRIPTION ( ) Feet Inches  Meters Drillhole S—lg was drilled fqr atotal of 50 feet blsand was advanced from a starting dg/gtlon of 1,202 feet mdl to an gnd of drlllho!e elg/atlon of 1,152 feet_ mdl. A total of 16.5 feet of gIaan drift and ” concretions. nso 18 | sos | o000
approximately 80 feet. CO2 and CaCO3 analyses of the coresindicate that one zone (and perhaps a few others) ten feet in thickness and about 100 feet below the top of the Niobrara . . . . . T 1190 1190 33.5 feet of Niobrara Formation calcareous shale was drilled. Two boxes of core, containing atotal of 30 feet, are available from thisdrillhole. Box 1 contains core from the 20 to 42 foot interval. Box 2 » | 22-23 Shale, very light gray (N8), no white specks, very calcareous, slightly bentonitic. 157 Eapt
' i is"Hi i " i i i i i 9 Chalk, shaley, medium light gray to ligt olive gray (N6-5Y6/1), evenly bedded, with abundant to common "white contains core from the 42 to 50 foot interval. Individual core faces were photographed from three selected depth intervals; at 21 feet, which represents a high value of 71.95% CaCO3, at 37 feet 2 | 23-27 Shale, very light gray (N8), no white specks, very calcareous. 2 2
Formation exists at a depth of lessthan 50 feet below land surface. This"High Lime Zone" consistently analyzesrelatively higher than the rest of the Niobrara Formation, although some Ke." Pseud ta | . d fish bone f i 6 9 206 _ . . photograp ep 3 ) €p g : I070 S, ) 3 » Very fignt gray (No), SPecks, very 1156 781 | 63
samples and intervals approach this same quality. The" High Lime Zone" ispresent in a band about one half milewide and at least four mileslong extending from Sec. 30, T. 152 N., SPECKS, ” UNCOMMON TSEUCOPEINa CONJesta, TNOCETAMUS prisms, and 1sh bone fragments. . ' which represents an average high value of 56.08% CaCOs, and at 48 feet, which represents a generally low value of 24.05% CaCOs. Acrossthe cored and tested intervals of the drillholes, CaCOs3 2 s 2085 | 6789
R. 55W. north-westward to Sec. 31, T. 153 N., R. 55 W. in Grand Forks County, North Dakota (Carlson, 1964). 8  Chalk, shaley, medium light gray to light olive gray (N6.5-5Y6.5.5/1), bioturbated with medium to large irregular 1180 1180 concentration values in core average at 55.26% ranging 54.79% from a minimum of 17.16% to a maximum of 71.95%. Five zones of CaCO3 concentration values greater than 50% are observed from & 1154 220 | 6412
burrows, "white specks” uncommon, gradational with adjucent units. 4 2 1.27 the data and include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 38 to 47 feet bls. CO2% with depth is also displayed and follows asimilar depth profile to CaC0O3%. * | 27-28 Shale, very light gray (N8), no white specks, very calcareous, micaceous, dightly e 208 | 5098
. . . . . . .o . . . . . . . . . i - ! " i 2 bentonitic. 1152 3050 | 69.35
On the basis of the drillhole information, the Niobrara Formation may be subdivided into four lithologic units which (in descending order) are the 1) Upper White Specks Zone, 2) High 7 Chalk, light gray (N7), well-indurated, vaguely burrowed, layer of Pseudoperna congesta 6" 11" above base of unit. 9 3 2.82 — w | 2809 omOMITIC. I — -
) ] . . . . . . . . : , light gray (N7) and medium light gray (N6), no white specks, very 1151 2378 | 54.09
Lime Zone, 3) Non-White Specked Zone; and 4) Lower White Specks Zone. These areinformal unit designations that apply specifically to the Shawnee-M cCanna prospect area. The High 6 Chalk, m.edlum gray to light gray (N6-N7), with conspicuous medium to large irregular burrows, micaceous sand layer 1170 1170 CORE S-12 PALEONTOLOGIC MEASURED SECTION DESCRIPTION (Reiskind, 1986) . Calcareog% i CAtEOLS. . - . - L
Lime Zone thicknessis generally consistent at 10 feet. Thicknesses of other zones have not been determined asthe Upper White Specks Zone is missing at most locations. Drillholes were (?bentonite) 3" above base of unit. 0 11 0.28 UNIT _ DESCRIPTION _ Feet  Inches  Meters | 29-30 Shale, medium dark gray (N4), non-calgareouis, glightly bentonitic, scattered pyrite. 1140 wor | 2as
generally terminated in the upper ten feet of the Non-White Specked Zone. Shale from the High Lime Zoneisreadily distinguished by its consistently lighter color than overlying beds and 5 Chalk, indurated, light gray (N7), with medium to large irregular burrows and a scattering of “white specks". 1 7 0.48 - e 6 Chalk, shaly, light gray (N7), mottled, common Planolites montanus, pellet-filled burrows 3 to 4 feet above base. 11 / 3.53
presence of stem-like concretionary structuresthroughout. A threefoot zonein the lower portion of the High Lime Zoneis harder and consistently analyzes higher in CaCO3 content. A 4 Chalk, well-indurated, light gray (N7-N7.5), pyritized Planolites montanus burrows conspicuous and abundant, medium : . 5 Chalk, light gray to very light gray ((N7-N8), mottled, abundantPlanolites montanus. _ 9 1 2.71
light gray (N7) shale, which containsfew or no white specks, overliesthe High Lime Zone and isincluded in the Upper White Specks Zone simply based on color and CaCO3 content. This to large Pseudoperna congesta, especially common in lower 2 feet, medium to large irregular burrows common. 7 4 2.23 2 -~ . . 4  Chalk, very light gray (N8), abundant Pseudoperna congesta, moce_ran_ud shells and prisms, small I?Ianolltes montanus. 1 4 0.41 Drillhole S-11 drilled f ol of 30 feet bls and advanced f ina elevation of 1.179 f g dof drillhole dlevation of 1149 f 4. A total of eiaht f  olacial drift and
shale tends to thicken towar ds the south and is approximately 10 to 15 feet thick in the Shawnee-M cCanna area (Carlson, 1964). 3 Chalk. well-indurated. liaht arav to verv light arav (N7-N8). vaquelv to conspicuously mottled. with medium to large . - ® 3 Chalk, light gray to very light gray (N7-N8), mottled, common ?Trichichnus sp. Burrows, rare pyrite nodules, rillnole S-11 was drilled for atotal of 30 feet bls and was advanced from a starting elevation of 1,179 feet msl to an end of drilinole elevation of 1,149 teet msi. A total of eight Teet of glacial drift an
: , light gray y light gray ( ), vaguely P y , g 1150 . 1150 ; T
. et . " . . - Pseudoperna congesta and inoceramid prisms present. 5 10 1.78 22 feet of Niobrara Formation calcareous shale was drilled. One box of core, containing atotal of 10 feet, is available from this drillhole. Box 1 contains core from the 20 to 30 foot interval. An
irregular burrows, a few pyritized Planolites montanus burrows and other pyritized burrows, small to medium = . . . ) . : . .
; . . halk. ligh i lami fine-arai i i | individual core face was photographed from the 21 foot depth interval which represents a high value of 68.99% CaCO3. Across the cored and tested intervals of the drillholes, CaCO3 concentration
Pseudoperna congesta common along with occasional Inoceramus prisms 7 6 2.29 . . . . . . . - i 2 Chalk, light gray (N7), bioturbated, laminae to fine-grained, micceous, sand, irregular burrows. 1 1 0.33 \ ) - . ] .
) : . VST ' ' Drillhole elevation and % calcium carbonate data in cross section is depicted here. Each drillhole and associated . . 1 Shale. moderatelv calcareous. medium arav to medium liaht arav (N5-N6). Chondrites sp. form B conspicuous in upper valuesin core average at 51.62% ranging 66.92% from a minimum of 2.43% to a maximum of 69.35%. One zone of CaCO3 concentration values greater than 50% is observed from the data and
2 Chalk, light gray (N7) with some thin sandy layers, bioturbated, with large Pseudoperna congesta. 0 10 0.25 1140 data has been portrayed as it exists in a common elevation reference (Carlson, 1964). Percent calcium carbonate . 1140 , y , gray ght gray ( ), Chondrites sp. p pp . o . . . o ) : o : 0
» 11 _ » biotur ) ( _ valonsrs oot oy tees olaoes witomn fiteres) of 108, Each liSreusing: dlnselsilgietertar:st e eifox. few inches. 0 8 0.20 include the "High Lime Zone" of Carlson (1964), interpreted at a depth of 21 to 27 feet bls. CO2% with depth is also displayed and follows a similar depth profile to CaCO3%.
1 Shale, S“ghtly calcareous, medium dark gray to medium Ilght gray (N4-5'N6)’ with Chondrites sp. form B burrows at Vertical scale is in feet of elevation above mean sea level with a vertical exaggeration of 20 X. Three High Lime . . .
the top as small, chalk-filled, |ight gray (N?) tubes in shale; a few pyritized Planolites sp. burrows present. 1 8 0.56 Zones (HLZ) have been interpreted and correlated between drillholes using a cutoff value of 50% calcium carbonate. Total Thickness of Section Measured and Described 29 7 9.01
Total Thickness of Section Measured and Described 40 0 12.19 151%“'?“ ELE;A?r:gg
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The mission of the North Dakota Geological Survey isthreefold: The North Dakota Geological Survey's Wilson M. Laird Core and Sample Library is located on Policy and Procedures: one continuous face. In an effort to avoid duplication and preserve the remaining core, all special Outside Use _ _ provided the library's collection can be divided into two parts. The user is responsible for all g.._ To Alrport
the University of North Dakota campus in Grand Forks, North Dakota. The climate controlled In-House Use analyses performed or thin sections made from the State's collection must be returned to the library. QOFeSI_an_d fsamﬂl_es n:jay be shipped lipon rﬁquest at the eXPednse of the Uﬁer- C_;ener_all);, there is no shipping charges. Sampling of the cores or samples for thin section or destructive purposes must Address: B — REFERENCES
- - ' e Willson M. Laird facility consists of 2,000 square feet of office and laboratory space and 18,000 square feet of core The collection may be viewed in-house upon request. It is requested that the user call in advance. Ready access to samples and well information is provided through the state oil and gas database. time limit for shipped cores or samples. The user is expected to return them in a timely manner or be stated prior to shipment. Thin sections or other data must be returned to the library upon North Dakota Geological Survey i ‘B Anderson, S.B., and Haraldson, H.C., 1968, Cement Rock Possihilities in Paleozoic Rocks of Eastern North Dakota, North Dakota Geological Survey, Report of
I nvestllggge and re;r)]olr;a%r_l the geology of lt\)lorte?_ Dakota, alemph?IS!fZI ng the state's enfer 9 r?ourcesf aﬂd str g Core and Sample Library storage. It currently houses approximately 80 miles of cores and approximately 40,000 boxes of This is necessary because table space is limited. It also insures the availability of the requested A set of well file and well logs on microfiche and microfilm, and petroleum scout cards, are also when requested by the director. We do not charge for the loan of cores, samples, or thin sections. completion of study. Thin sections are available for selected formations on selected wells. Wilson M. Laird Core & Sample Library e-mail. g?rfel?ggrsgﬁa?g#j s ' 5 Investigations No. 48, 62 p 9 & R
appiied researc Ing to economic benefits or quality of fite improvements for residents of the state; Hours of Operation drill cuttings. The cores represent about 80% of the cores cut in the North Dakota portion of the cores and samples. Use of the facility is free of charge. The facility provides table space, acid, available for use. Cores will be shipped only to a government (state or federal) facility at the users expense. The user These sections may be checked out of the library. The user is responsible for all shipping expenses. P.O. Box 8156 (mailing) hone: (761)777_2231 o o Carlson. C.G.. 1964 T'he I<liobr:;1ra Formation of Eastern North Dakota: 1ts Possibilities For Use As a Cement Rock. North Dakota Geoloaical Survev. Report of
i . ) i ) ) ) ) Monday - Friday Williston Basin and about 95% of the samples collected. The facility also houses an extensive hinocular microscopes, sample trays, black light box and a camera system (film must be supplied is responsible for all shipping expenses. It is the responsibility of the user to return material to the library in a timely manner or upon request. Campus Rd. & Cornell (shipping) ?aX' (f01)777-2857 a University i Py , &G, , = ) g ey, Rep
Provide public service, and to collect, create, and disseminate geologic and map-related information, and: 8:00 am to 5:00 pm collection of water-well samples and cores. There is 299 feet of Niobrara Formation core by the user, suggested ASA 100). The user is responsible for laying out the core and returning it _ S o _ University Station ' North Dakots 1[3 ~ Investigations No. 41, 56 p. _ _ _ _ _
available for inspection and use from the Shawnee-McCanna Prospect area obtained during to the pallet when finished. Sampling is done by core library staff with the permission of the Cores may be shipped to a core testing facility with the permission of the director. Test results Grand Forks, North Dakota 58202-8156 e ., 20U B2 5 Reiskind, J.R., 1986, Paleontology and Stratigraphy of the Niobrara Formation (Upper Cretaceous) of Eastern North Dakota with Emphasis on the Cal careous
Administer regulatory programs and act in an advisory capacity to other state, federal, and local agencies. previous Cement Rock Studies conducted in northeastern North Dakota. director and is dependent upon the condition of the core. The library attempts to preserve at least must be returned to the Core and Sample Library. Samples will be sent to the user upon request Cowe & Sasmple Nanoplankton, University of North Dakota, PhD Dissertation.
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