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Test Hole GF-6; Location - SW NW NW sec. 22, T. 151 N., R. 50 W., 
Grand Forks County, North Dakota. Elevation - 83 3. Total Depth - 28 8 1/2 
feet driller, depth logger- -2 5 5 feet. 
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NORTH DAKOTA GEOLOGICAL SURVEY TEST HOLE GF-6 

Location: 

Elevation: 
Total Depth: 
Spud: 
Completed: 
Logged: 
Footage Cored: 

0 - 15 

15 - 85 

85 - 105 

105 - ll0 

ll0 - ll5 

ll5 - 120 

120 - 130 

130 - 135 

135 - 145 

145 - 151 

151 - 188 

SW NW NW sec. 2 2 , T. 151 N. , R. 5 0 W. 
Grand Forks County, North Dakota 
Ground 833 feet 
288 1/2 feet driller, depth logger--255 feet 
November 21, 1967 
December 2, 1967 
North Dakota Geological Survey Widco Electric Logger 
48 feet 

GLAC JAL DRIFT 

Clay and silts, yellowish gray to light olive gray, 
oxidized 

Clay and silt, olive gray to dark olive gray, un­
oxidized 

Till, olive gray, sandy, silty clay, small shale 
pebbles , small iron staining 

Same as above, becoming more sandy 

Silt to sand, very pale brown, very fine, occasional 
organic fragments 

Sand, very pale brown, fine to medium subangular, 
quartz , clear 

Till, very pale brown, sandy, shale pebbles 

Sand, very pa le brown, fine to silty, iron stained 

Till, dark gray, very clayey, dense, hard, very 
few small pebbles 

Sand, pale yellow, fine subangular to subround 
mostly quartz·, few shale or clay fragments 

Till, dark gray, very clayey, dense, hard, very 
few small pebbles 



188 - 205 

205 - 210 

210-234 

234 

234 - 239 1/2 

239 1/2 

239 1/2 - 249 1/2 

249 1/2 - 250 

250 - 267 

267 - 285 

285 - 287 

287 - 288 1/2 

288 1/2 
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Sand, light gray, fine to medium, subangular, quartz 
carbonates, basic and acid igneous, percentage 
quartz increases with depth, becomes finer with 
depth 

Till, dark gray, very clayey, dense, hard, very 
few small pebbles 

Sand, light gray, fine to medium, subangular to sub­
round, mostly quartz, shell fragments at 23 0 - 235. 
No Dakota Group Sandstone 

ORDOVICIAN WINNIPEG FORMATION (Shale, Drilling) 

Sha le, reddish, calcareous, drilling 

Commenced coring 

Shale, yellowish ochre with reddish purple mottling, 
calcareous, reddish purple mottling somewhat more 
calcareous, some greenish gray shale inclusions at 
240 1/2. Yellowish shale has darker yellow banding, 
indicates bedding 

Sha le, gray, calcareous 

Lime stone, purplish-gray, some bands more purplish, 
argillaceous, fossiliferous, very fine grained, dense 

Limestone, grayish-purple, somewhat more gray than 
above, small mottles may be borings, argi llaceous, 
fossiliferous, concoida l fractures, very fine grained, 
dense 

Limestone, as above, somewhat more platy, more 
argil laceous 

Shale, grayish-red, blocky and platy, calcareous, 
conodont fragments 

Total Depth 

Limestone 2 5 O - 2 8 7 = 3 7 feet 



APPENDIX "B" 

X-RAY ANALYSES OF CEMENT-ROCK CORES 

by 

F. R. Karner 



METHOD 

Miner a logy was determined by x-ray diffraction. Two studies, an 
initial survey and a more detailed analysis, were made. Volume percentages 
of minerals present in the samples were determined using relationships de­
veloped by Alexander and Klug (1948) and modified by Leroux et. al. (1953) 
to: 

where 

/. 
µ 

Xl 
1* 
s* 

I1 

(I l) o 

J,,l s* 

/J. 1 * 

= weight fraction of component 1 (or volume fraction) 

= mass absorption coefficient of component 1 
= mass absorption coefficient of powder sample 
= intensity diffracted at a definite Bragg angle 28 by a cry­

stal line component 1 
= intensity diffracted at a definite Bragg angle 29 by pure 

crystal line component 1 

This formula shows that the weight percent of component 1 is equal 
to the ratio of the intensities of the diffraction peaks for component 1 in the 
sample and pure component 1 after correction for absorption by multiplying 
by a factor, i.e. , the ratio of absorption coefficients for the sample and 
pure component 1. Leroux, et. al. (1953) further established the following 
relationship in order to experimentally determine the absorption correction: 

s* = 
l* Ts/T 

0 log 
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where 

p 
p 
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1 = apparent density of a pure sample of component 1 

s = apparent density of a sample containing weight fraction x 1 
of component 1 

T
0 

= intensity of incident x-ray beam 
T 1 = intensity transmitted by pure sample of component 1 
Ts = intensity transmitted by sample containing weight fraction 

X 1 of component 1 

The following machine conditions were used for the x-ray analyses: 

X-ray Generator (Philips constant potential 50KV-50ma No. 12215) 
X-ray Tube (Machlett Cu tube-short anode 32112) 46KV, 19 ma. 
Diffractometer (Philips high angle 42272/ 1) 

1 ° 29/ minute scan speed (2° 29/ minute for initial survey), 
1 ° divergence and anti-scatter slits, 
. 006" receiving slit, 
Ni filter, 
back-loaded rotating sample holder. 

Detector (Philips scintillation-transistorized 52572) 1. 0 KV. 
Circuit Panel (Philips 12206/53), Bristol recorder 

PHA, width 9V, level 7V, 
linear sea le, 
1 sec time constant, 
2 x 103 counts/ sec (or greater) full scale (5 x 103 counts/ sec 

for initial survey), 
30" / hr chart speed. 

INITIAL STU DY 

Representative chips for 231 samples from carbonate-rich sections of 
the cores were crushed to a coarse powder (approximately 7 5 microns particle 
diameter and finer). X-ray diffractometer charts of the samples were over­
laid on a calibrated chart and mineral amounts read from peak heights. Pure 
mineral values used are given in Table 1. These are generally derived from 
empirical standards described below and have been corrected for an estimated 
sample mass absorption coefficient of 61. Mineral amounts were read to the 
nearest part per ten except for amounts less than one part per ten which are 
given as C (about 5 percent) or T (peak present but amount is less than about 
2 1/ 2 percent). Results given in Table 2 show samples which have relatively 
high calcite values and were used to select sections of the cores for further 
study. Dolomite and clay values in Table 2 are high and calcite values low 
when compared to more accurate determinations in Table 4. 
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Table 1. Pure mineral intensities corrected for sample with mass absorption co­
efficient of 61 and peak positions used in initial study of cores. 

Mineral 

Quartz 
K-Feldspar 
Plagioclase 
Calcite 
Dolomite 
Clay 

20 
(degrees) 

26.6 
27.6 
28.0 
29.4 
31.0 
34.9 

Pure Mineral Intensities 
(counts per second) 

5730 
1500 
2580 
7380 
5100 

108 

Table 2. Results of initial x-ray diffraction study of cores. Amounts are given 
in parts per ten. T = trace. C = connnon, about five percent. Asterisks indicate 
calcite-rich intervals. 

,,-... Q) ,,-... Q) . H rJl H rJl 
.µ t'O t'O .µ t'O t'O 
4-1 Q) 0.. ,-( 4-1 Q) 0.. ,-( 

'-" Q) .µ (I) t) '-" Q) .µ (I) t) 
.µ •.-l N "O 0 .µ •.-l N "O 0 

..c: •.-l 13 .µ ,-( •.-l ..c: •.-l 13 .µ ,-( •.-l 
.µ t) 0 >. H Q) bO .µ t) 0 >. H Q) bO 
0.. ,-( ,-( t'O t'O i:,:.. t'O 0.. ,-( ,-( t'O t'O i:,:.. t'O 
Q) t'O 0 ,-( ::, I ,-( Q) t'O 0 ,-( ::, I ,-( 

A u A u O' ~ p., A u A u O' ~ p., 

Pembina No. 1 Pembina No. 1 

226 5 T 4 2 T 334 4 5 1 1 T 
232 T 1 9 T 337 1 9 T T T 
237 9 T T T 340 1 8 T C 
240 9 T C T 343 3 6 1 T T 
245 9 T T 347 2 8 T T 
248 9 l T T 350 6 2 1 T 
252 10 T T T 353 5 5 T T 
257 10 C T 356 2 8 T C 
260 10 T T 359 2 8 1 T T 
266 T 2 5 2 1 362 5 5 T T T 
269 1 2 5 1 1 365 C 9 T C 
272 3 5 2 C C 368 1 8 T C 
276 4 C 3 2 C T 371 4 6 T T T 
307 5 3 1 1 T T 374 4 6 T T 
310 2 8 T T C 377 1 9 T T 
313 2 8 T T C 380 1 9 T T 
316 :5 4 T C T 383 4 5 T T 
319 3 7 T T T 389 1 9 C C 
322 7 1 1 T 392 1 7 T C C 
325 6 3 C T 395 1 6 3 C 
328 6 3 C T 398 1 9 C C 
331 8 2 T T 401 2 8 T C C 



47 

Table 2, continued. 

,,..._ Q) ,,..._ Q) . 1-1 CJ) 1-1 CJ) 
.u co co .u co co 
4-l Q) 0. ,-I 4-l Q) 0. ,-I 
'-' Q) .u CJ) u '-' Q) .u CJ) u 

.u •.-1 N 'O 0 .u ·.-1 N 'O 0 
,.C •.-1 s .u ,-4 •.-1 ,.C •.-1 s .u ,-I ·.-1 
.u u 0 >, 1-1 Q) bO .u u 0 :>-. 1-1 Q) bO 
0. ,-4 ,-I co co µ., co 0. ,-I ,-I co co µ., co 
Q) co 0 ,-I ::, I ,-4 Q) co 0 ,-I ::, I ,-4 
Cl u A u O' ~ p.. A u A u O' ~ p.. 

Pembina No. 1 Pembina No. 2 

404 1 8 1 C T 249 10 T T 
407 2 7 T C T 252 1 2 6 2 
410 3 7 T C T 258 8 1 C C 
413 2 8 T C T 261 8 1 T C 
416 1 9 C T C 266 9 1 T C 
419 3 6 T C T 
422 3 6 T T Grand Forks No. 1 
425 5 4 1 C T 
428 3 7 T C T *206 6 4 T T 
431 1 9 C T *209 7 3 T T 
434 2 8 T C T T *212 7 2 1 T 
437 4 5 T 1 T *215 7 2 1 T 
440 2 8 T C T *218 5 4 T C T 
443 4 6 T T T *221 6 3 T T 
446 2 8 C T *224 8 2 T 
449 3 5 1 2 T *227 6 4 T 
452 4 6 1 230 2 3 3 1 C 
455 5 5 C 234 6 3 1 C T 
458 5 3 T C 236 6 3 1 C T 
461 5 4 1 T 239 6 2 1 C C 
464 2 7 T T T 242 3 2 3 C C 
467 4 5 1 C 245 7 2 T C T 
470 4 5 T C 248 6 2 1 C C 
473 6 4 T C 251 2 2 4 1 1 

*476 10 T T 254 5 1 3 C C 
*479 3 5 1 C T T 257 2 2 5 1 1 
*482 9 C 1 T 260 7 2 T C C 
*487 6 4 T C 263 4 1 3 1 C 
*490 8 1 1 T T T 266 3 2 4 C C 
*493 9 1 T T 269 2 2 4 1 1 
*496 6 3 1 C T T 272 2 1 5 1 C 
*499 6 2 1 C T T 275 2 3 4 1 1 
*502 6 4 T C 
*505 9 3 T T Grand Forks No. 2 

Pembina No. 2 220 7 3 T C T C 
223 4 5 T C T 

234 - 10 T T T 227 4 4 1 C T 
237 10 230 2 8 T C T 
240 9 1 C T 233 6 2 1 T 
243 - 10 C T 236 4 5 1 C T 
246 - 10 T T 239 5 4 T T 
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Table 2, continued. 

- (l) - (l) . i,.., (/) i,.., (/) 

.IJ co co .IJ co co 
4-l (l) p.. r--l 4-l (l) p.. r--l ___, (l) .IJ (/) u ___, (l) .IJ (/) u 

.IJ .,.; N 'Cl 0 .IJ .,.; N 'Cl 0 s .IJ r--l •.-1 ..c .,.; s .IJ r--l .,.; ..c 'M 
bO .IJ u 0 >, i,.., (l) bO .IJ u 0 >, i,.., (l) 

p.. r--l r--l co co i:,:.. co p.. r--l r--l co co i:,:.. co 
0 r--l ;:I I r--l (l) co 0 r--l ;:I I r--l <l) co ::.:: P--4 A u A u O' ::.:: P--4 A u A u O' 

Grand Forks No. 2 Grand Forks No. 3 

242 5 5 T *250 7 2 1 T 
245 5 3 1 T *253 8 1 1 T 
248 5 3 1 T *256 4 3 2 C 
251 5 3 1 T *259 5 3 1 C C 
254 4 3 2 C 268 6 3 C C 

*257 6 2 1 T 271 5 2 2 C C 
*260 7 1 1 T 
*263 6 2 1 T Grand Forks No. 4 
*266 5 3 1 T 

269 5 4 T T T *221 10 C T 
271 6 2 1 T T *224 5 5 T T T 
274 6 3 1 T *227 7 3 T 
277 5 3 1 T 230 4 6 T C T 
280 5 3 1 T 233 2 7 1 C T 
283 5 3 1 T 236 3 5 1 C T 
286 6 2 1 T 239 3 5 1 C C 
289 6 2 1 T 242 3 5 1 C T 
292 3 6 1 C T 245 6 3 T C 
296 6 4 T C T 248 4 4 1 C T 
299 3 4 2 1 C 251 3 5 1 C T 
302 4 3 2 C T 254 4 5 1 C T 
305 1 5 2 1 C 257 3 6 1 C T 
308 7 1 1 C T 260 4 4 1 C T 
311 5 2 2 C T 263 3 7 T T C 
314 5 1 2 1 C 266 5 4 1 T 
317 2 2 5 1 C 269 5 5 T T 
320 3 2 3 1 C 272 3 6 1 T T 

275 5 5 T T 
Grand Forks No. 3 278 9 1 T T 

281 5 4 1 T 
*220 9 C T 284 4 5 1 T T 
*223 8 2 1 T 287 3 6 1 T T 
*226 7 4 T T 290 8 2 T T 
*229 7 3 1 T 293 4 6 T T T 
*232 6 3 1 C 296 3 7 T C T 
*235 6 3 1 T 299 7 3 T 
*238 4 5 T C T 302 4 6 C 
*241 8 2 T 305 7 2 1 T 
*244 7 3 T 308 6 3 1 T 
*247 7 2 1 C 311 4 6 1 T 

314 5 3 1 C 
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Table 2, continued. 

,-... al . ,... Cll 
.jJ co co 
4-l al p.. ~ 
'-' al .jJ Cll u 

.jJ •.-1 N "O 0 
.i:: •.-1 s .jJ ~ •.-1 
.jJ u 0 >, ,... al bO p.. ~ ~ co co ~ co 
al co 0 ~ ::, I ~ 
A u A u O' ~ p.., 

Grand Forks No. 5 

325 C 1 7 1 1 
341 T T 8 C 2 
344 5 5 T T 
347 5 T 5 T C 
350 4 T 6 T C 
353 4 C 4 C 1 
356 4 2 3 T C 
359 2 2 5 T C 
362 5 3 1 C 
365 3 2 5 T C 
368 5 2 2 T C 
371 3 4 3 T C 
374 6 1 3 T C 
377 2 3 5 T C 
380 7 1 2 T 
383 2 3 5 T C 
386 2 1 6 C 1 
389 C C 4 3 2 
392 C 5 2 2 
395 C C 5 2 2 
398 2 2 5 C C 

Grand Forks No. 6 

240 3 6 C 1 
243 5 5 T C 
246 5 5 T C 

*249 4 5 T C 
*252 6 4 T C 
*255 4 3 2 T C 

258 8 2 T 
261 3 5 2 T C 
264 3 4 2 T C 
267 5 5 T C 
270 3 5 2 T C 
273 2 4 3 T C 
276 3 4 3 T C 
279 3 3 3 C C 
282 5 2 2 C C 
285 5 3 2 C C 



DETAILED STUDY 

Splits of 51 samples including those selected for chemical analysis 
were subjected to detailed x-ray analysis. Subsamples were ground for 
three minutes in a Spex 8000 Mixer Mill resulting in an average particle 
size of about forty microns. X-ray diffractometer charts of the samples were 
overlaid on a calibrated chart and mineral percentages determined from peak 
heights. The 20 positions of the peaks and the one hundred percent inten­
sities used (corrected to a theoretical mass absorption coefficient of 60) are 
given in Table 3. One hundred percent intensities were determined empiri­
cally. A standard sample (U.N. D. 1901) was used for quartz. Averages 
determined for two optically analyzed perthi tes from granite (F. R. Karner, 
238, 272) were used for plagioclase and K-feldspar, since the feldspar in 
our samples is of unknown, probably detrital, origin. Clay values are 
typical for the illite-rich clay expected in these samples. Calcite and do­
lomite one hundred percent intensities are typical for carbonates of approxi­
mately average particle size and crystallinity. Corrections for these min­
erals were made according to peak widths at one-half peak height (Karner, 
in preparation). Broad peaks require low one hundred percent values and 
narrow peaks require higher values. Calcite peak widths had mean values 
suggesting use of intensities comparable to those for carbonates of some­
what smaller than average particle size. 

Results of the detailed study in Table 3 give mineral percentages re­
calculated to one hundred percent in order to correct for the initial assump­
tion of a mass absorption coefficient of 60 and also for errors in determina­
tions of mineral percentages. The median pre-correction total was eighty­
nine percent. A spot check of five samples at or close to the median showed 
that 88 percent of the correction was attributable to the absorption adjust­
ment and 12 percent to error. Comparison with chemical data indicates 
average accuracies of about 10 percent of the amount present except in 
amounts less than 5-10 percent. X-ray determined dolomite and clay are 
consistently slightly high and calcite slightly low. 

The dolomite (211) peak at 30. 99° 20 was generally displaced about 
0. 1 ° toward lower 20 values indicating significant substitution of iron for 
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5 l 

magnesium, or up to about 30 mole percent Cafe (CO3)2 (Rosenberg, 1967). 
This partially accounts for higher x-ray-determined dolomite than chemica 1-
ly determined CaMg (CO3)2. 

One typical sample (GF-3, 2 20-221) was treated with di lute HCl 
to remove calcite and dolomite. The 5. 9 weight percent insoluble residue 
was then x-rayed as a randomly oriented packed powder and as oriented, 
water-sedimented aggregates for study of the clay fraction. The residue 
consisted of approximately 50 percent clay, illite apparently with a high 
content of the 2M polymorph (Velde and Hower, 1963), 25 percent quartz, 
15 percent K-feldspar, minor celestite (SrSO4 ), probable minor strontianite 
(SrCO3), and possibly a hydrated calcium chloride formed during acid 
treatment. 

Gypsum and anhydrite peaks were not present on the diffracto­
meter charts although these miner a ls were expected to be present in minor 
amounts in at least some of the samples. Very small amounts (less than 
one percent) may have been masked in the untreated samples and absent 
or dissolved in the acid-treated sample. 

Table 3. Pure mineral intensities corrected for sample with mass absorp­
tion coefficient of 60 and peak positions used in detailed studies of cores. 

Mineral 

Clay 

Quartz 

K-Feldspar 

Plagioclase 

Calcite 

Dolomite 

29 
(degrees) 

19.9 

26.7 

27.6 

28.0 

29.4 
47.5 
48.5 

31. 0 
5 0. 5 
51.1 

Pure Mineral Intensity 
(counts per second) 

230 

6700 

1740 

2900 

4300 
525 
525 

4240 
510 
510 

• 



Table 4. Results of detailed x-ray diffraction study of cores. Amounts are given as weight percentages. T = 

trace. 

,,..... ,,..... 
1-1 . 1-1 

,I.J co ,I.J co 
~ (1) p.. ~ (1) p.. .._, (1) ,I.J UJ '-" (1) ,I.J UJ 

,I.J •.-l N "O ,I.J •.-l N "O 
..c: •.-l s ,I.J ,-t ..c: •.-l 5 ,I.J ,-t 
,I.J C) 0 >.. 1-1 (1) ,I.J C) >.. 1-1 (1) 

p.. ,-t ,-t co co rx.. p.. ,-t ,-t co co rx.. 
(1) co 0 ,-t ::, I (1) co 0 ,-t ::, I 

A t.) A t.) CY ~ A t.) A t.) CY ~ 

Pembina No. 1 Grand Forks No. 3 

475-480 59 30 5 4 2 223-224 76 15 p 2 1 
480-483 68 21 5 4 2 224-225 72 14 6 4 4 
487-490 70 18 5 5 2 225-226 73 17 6 3 1 
490-495 72 15 6 5 2 226-227 70 21 4 3 2 
493-494 75 15 6 3 1 227-229 70 21 5 2 2 
495-500 74 13 6 5 2 229-231 72 19 6 2 1 
500-505 75 12 6 5 2 231-233 61 28 6 3 2 

233-235 70 19 6 3 2 
Pembina No. 2 235-237 71 20 6 2 1 

237-239 74 18 5 2 1 (./1 

234-235 1 97 - 1 1 239-241 73 15 7 3 3 N 

241-242 71 19 6 2 2 
Grand Forks No. 1 242-243 79 11 6 2 2 

243-244 77 13 6 2 2 
206-212 67 25 5 2 1 244-245 79 12 5 2 2 
212-218 70 21 5 2 2 245-246 74 16 6 2 2 

246-247 65 24 6 3 2 
Grand Forks No. 2 247-248 69 20 5 3 3 

248-249 73 17 6 2 2 
255-260 65 24 5 3 3 249-250 73 17 6 2 2 
260-265 69 21 5 3 2 250-251 78 15 5 2 1 

251-252 77 13 6 2 2 
Grand Forks No. 3 252-253 68 18 6 4 5 

253-254 79 12 5 2 2 
220-221 71 21 4 2 2 254-256 75 14 5 4 2 
221-222 78 12 7 3 1 256-258 73 15 6 3 3 
222-223 72 18 5 3 2 258-260 76 12 6 3 3 

241-253 72 20 4 2 2 



Table 4, continued, 

,....,. 
!-I 

.w <1l 
4-l QJ Cl. 
'-' QJ .w (/) 

.w -~ N "O 
,.c:: -~ Is .w M 
.w u :,,... !-I QJ 
Cl. M M <1l <1l r... 
QJ <1l 0 M ::, I 
A u A u O' :,.:: 

Grand Forks No. 4 

221-223 68 25 5 2 1 
223-225 63 29 5 2 1 

Grand Forks No. 5 

371-372 57 20 17 1 5 
380-381 50 16 29 1 4 

Grand Forks No. 6 

249-250 57 3 33 1 6 u, 

252-253 59 3 31 2 5 w 

255-256 44 23 28 1 4 



SUMMARY OF X-RAY DATA 

1. Initial study indicated the following as potential high calcium-low mag­
nesium zones suitable for further chemical and x-ray study: 

a) P-1 476-505 feet. 
b) GF-1 206-227 feet. 
c) GF-2 25 7-2 66 feet. 
d) GF-3 220-259 feet. 
e) GF-4 221-227 feet. 
f) GF-6 249-255 feet. 

2. Initial study indicated P-2 234-266 feet contained zones consisting of 
nearly pure dolomite. 

3. Detailed study showed that the most favorable high-calcium-low-mag­
nesium zones were P-1 487-505 feet and GF-3 220-260 feet. 

4. Both favorable zones contain about 70-75 percent calcite, Caco3; 15-
20 percent ferroan dolomite, Ca, {Mg, Fe) (CO3)2; Mg: Fe about 4: l; 
5 percent illite, approximately K Al4 (Si 7AlO20 ) (OH) 4; 2-5 percent 
quartz, SiO2; 1-2 percent K-feldspar, (K, Na) AlSi 3O8; and minor ce­
lestite, Srso4 and strontianite, SrCO3 . P-1 487-5 05 feet has slightly 
more calcite and quartz and less dolomite than GF-3 220-260 feet. 
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APPENDIX "C" 

CHEMICAL ANALYSES OF CEMENT-ROCK CORES 

In sampling Pembina-Manvel-Grand Forks cores for chemical analysis, 
a uniform slice, about 1/5 of the total core, was taken a long the length of 
the desired interval, generally one foot. This sample, about 150-200 grams, 
was reduced to powder and chips less than one half cm in diameter in a jaw 
crusher and split into two parts in a Jones-type sample splitter. One split 
was crushed to less than 75 microns in a porcelain mortar and split into two 
parts, about 75 grams for chemical analysis and about 15 grams for x-ray 
analysis. 
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CHEMICAL ANALYSES OF CEMENT-ROCK CORES 

Analysts: N. D. Berlin, A. S. McCreath and Son, Inc., Harrisburg, Pa. 
(Pembina 1, Grand Forks 1, 2, 3, 4); Lerch Brothers, Inc., Hibbing, Minne­
sota (Grand Forks 5, 6). CaCO3 and MgCO3 calculated from oxides (Lamar, 
1967, p. 84). 

Depth 

475-480 
480-483 
487-490 
490-495 
495-500 
500-505* 

P-1 
Location: NWSEsec. 28, T. 164N., R. 51W., 

Pembina County, North Dakota 

CaO MgO CO2 CaCO3 

44.06 6.07 41. 60 78.647 
45.54 4.59 40.45 81. 288 
46.50 3.41 40.15 83.002 
46.88 3.44 40. 45 83.680 
47.20 2.91 40.00 84.252 
47.80 2.52 40.40 85.323 

MgCO3 

12.692 
9.597 
7.130 
7.193 
6.084 
5.269 

*SiOz 5.80, AlzO3 .96, FezO3 1.37, SO3 less than 0.02, PzO5 0.096, 
Na 2o 0.13, K2o 0.80, F 0.016, H2o 0.10, Loss on Ignition 40.58 

206-212 
212-218 

255-260 
260-265 

GF-1 
Locatl..On: NW NE NW sec. 19, T. 153 N., R. 50 W., 

Grand Forks County, North Dakota 

47.70 
47.90 

4.02 
3.93 

GF-2 

41. 95 
41.55 

85.144 
85.501 

Location: NW SW SW sec. 27, T. 153 N., R. 51 W., 
Grand Forks County, North Dakota 

47.72 
48.32 

3.50 
3.47 

41.15 
41. 55 

85.180 
86.251 

8. 405 
8.217 

7.318 
7.255 



Depth 

220-221* 
221-222 
223-224 
225-226 
227-229 
229-231 
231-233 
233-235 
235-237 
237-239 
239-241 
241-253** 
244-245 
249-250 
254-256 
256-258 
258-260 
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GF-3 
Location: NE NW NE sec. 35, T. 154 N., R. 51 W., 

Grand Forks County, North Dakota 

CaO 

48.78 
5 o. 42 
48.21 
48.43 
47.87 
48.01 
46.06 
48.15 
48.49 
48.30 
48.85 
48.13 
49.32 
48.20 
46.70 
46.53 
47.21 

MgO 

3.62 
2.56 
3.43 
3.41 
3.49 
3.83 
5.45 
3.82 
3.84 
3.68 
3.21 
3.57 
3.03 
3.97 
3.86 
3. 17 
3.15 

41. 75 
41. 90 
41.65 
41. 30 
41. 15 
41. 30 
41. 40 
41. 70 
42.05 
41. 65 
41. so 
41. 10 
41.75 
41.25 
40. 15 
39.35 
39.65 

87.072 
89.999 
86.054 
86.447 
85.447 
85.697 
82.217 
85.947 
86.554 
86.215 
87.197 
85.912 
88.036 
86.037 
83.359 
83.056 
84.269 

7. 5 69 
S.352 
7.172 
7.130 
7.297 
8.008 

11.395 
7.987 
8.029 
7.694 
6.712 
7.464 
6.335 
8.301 
8.071 
6.628 
6.586 

*SiO2 3.78, Al2O3 0.70, FezO3 0.20, SO3 less than 0.02, P2O5 0.047, 
Na 2 0 0 . 0 7 , K2 0 0 . 4 5 , F O • 0 1 7 , H 2 0 0 • 3 9 

**SiO2 4.20, Al 2O3 0.79, Fe2o3 0.46, so3 less than 0.02, P2O5 0.140, 
Na 2O0.07, K2O0.55, F 0.024, H2O0.38, Lossonlgnition41.79 

221-223 
223-225 

GF-4 
Location: SW SE SW sec. 19, T. 153 N., R. 51 W., 

Grand Forks County, North Dakota 

48.76 
48.52 

4.28 
4.82 

43.10 
43.10 

87.036 
86.608 

8.949 
10.078 



Depth 

371-372 
380-381 

249-250 
252-253 
255-256 

59 

GF-5 
Location: SE SE NE sec:. 23. T. 151 N. , R. 51 W. , 

Grand Forks County, North Dakota 

CaO 

35.40 
31. 80 

MgO 

2.73 
3. 03 

GF-6 

35.56 
31.10 

63. 19 
56.76 

Location: SW NW NW sec. 22, T. 151 N., R.50 W., 
Grand Forks County, North Dakota 

--------- ·-------·----

32.40 
35.00 
33.00 

0.93 
0.93 
4.00 

28.74 
29.76 
32.08 

57.83 
62.47 
58.90 

5.71 
6.34 

1.94 
1. 94 
8.36 



HOLE NO. S - l; location SW SW Sec. 19, T. 152 N., R. 55 W., Grand Forks County, North Dakota 

Total HF Fus. Total Loss on 
Depth Fe Si Al203 p Cao CO2 MgO Ignition s Na20 K20 

48 2.64 17.12 8.42 .084 36.88 27.30 .28 30.96 .98 .33 .98 
50 2.80 18.44 9.40 .067 35.76 28.35 .24 30.28 1.40 .36 .95 
52 2.88 26.92 12.95 .049 27. 76 22.35 .44 26.20 1.16 .51 1.30 
54 2.40 22.22 10.69 .077 32.48 25.75 .44 29. 96 .59 .37 1.09 
56 2.92 16.80 8. 72 .046 35.64 29.50 1. 30 31.64 .78 .29 .84 
58 2.64 15.50 10.78 .200 36.40 31.10 1. 20 32.20 .30 .36 .81 
60 2.40 19.82 9.73 .109 35.20 27.20 .64 30.64 .67 .37 .99 

HOLE NO. S - 2; Location NW NW Sec. 19, T. 152 N., R. 55 W., Grand Forks County, North Dakota 

34 3.36 18.40 9.06 .038 34.44 27.00 .28 31.28 2.40 .32 .92 
36 2.00 14.80 7.56 .080 38.88 30.20 . 72 33.48 .83 .24 .82 O') 

38 2.08 20.62 12.22 .058 33.04 27.75 .20 29.84 1. 12 .33 1.03 0 

40 1. 78 23.88 10.15 .054 32.80 25.45 .28 29.16 .83 .30 1.00 
42 2.08 16.50 7.38 .076 38.40 31. 25 .80 33.92 .27 .25 .80 
44 1. 77 16.80 7.56 .123 36.08 30.70 1.08 33.20 .21 .31 .83 
46 1. 93 16.86 7.82 .081 38.00 30.60 .32 33.32 . 15 .29 .85 

HOLE NO. S - 3; Location NE NW Sec. 19, T. 152 N., R. 55 W., Grand Forks County, North Dakota 

17 2.25 15.38 7.00 .105 39.04 31.20 .20 35.00 .14 .18 . 77 
19 1.93 22.94 6.08 .040 32.24 25.40 1.48 31.24 .13 .30 1.09 
21 1.85 19.40 9.07 .073 34.84 27.35 .56 31.44 .14 .27 .98 
23 1.61 15.34 6.98 .036 38.96 31. 50 1.44 33.68 .44 .18 .78 
25 2.49 16.54 7.56 .219 36.92 30.80 1.36 32. 96 .29 .22 .86 
27 2.09 16.10 7.46 .054 39.12 31.00 .60 33.36 .34 .19 .76 

Chemical analyses of the Niobrara Formation, Shawnee-Mccanna area. Reprinted from Carlson (1964). 



HOLE NO . S - 4; Location SE SW Sec. 19, T. 152 N., R. 55 W., Grand Forks County, North Dakota 

Total HF Fus . Total Loss on 
Depth Fe Si Al203 p CaO CO2 MgO Ignition s Na20 K20 

20 2.89 13.52 6. 77 .084 40.08 31.05 .48 33 . 96 .28 .26 . 70 
21 3 .13 20.64 8.78 . 067 34.32 26.85 .48 30 . 76 .45 .28 1.03 
22 3.05 21. 90 11. 53 .071 32.61 25.05 . 52 28.68 .94 .31 1.08 
23 3.53 30.52 12.25 .078 22. U 18 . 75 1.72 25 . 24 1. 99 .40 1.38 
24 2.89 22.39 9.56 .066 33.20 25 . 65 . 72 29 . 92 . 75 .37 1.06 
25 1.77 16 . 12 7. 74 .030 39.36 29.35 1.00 31. 92 . 77 .29 . 71 
26 2.97 16 . 84 6.79 .091 38.40 29.90 1.44 31.84 . 61 .25 .79 
27 2. 81 15.54 6.14 .058 39.08 29 . 85 1. 60 33 . 24 .28 .28 .85 
28 3. 13 15.42 7.02 .046 36. 96 31.00 1.72 33.54 . 24 . 30 .82 
29 2.57 15. 96 7 .40 . 057 37.04 30.55 1.64 33.24 .20 .33 . 87 
31 2. 17 27.90 12.93 . Jt28 26.36 21.00 1.00 26 . 82 .31 .50 1.84 

HOLE NO. S - 10; Location SE SW Sec . 1, T. 152 N., R. 56 W., Grand Forks County, North Dakota en ..... --
53 2.20 22.70 9 . 90 .047 28.24 24.20 .12 29.52 .74 .39 1.16 
55 2.56 24.22 11.63 . 103 25.92 23 . 72 .14 28.68 .94 . 39 1.20 
57 1.92 17.36 7.84 . 073 33.08 28.20 . 14 32.24 . 71 .32 1.18 
59 1.94 18.12 8.56 .072 29.28 28.52 .12 32.40 .31 .28 .94 
61 1. 90 16 . 80 7. 77 .063 32.24 30.20 .28 33 . 64 . 25 . 29 1.32 
63 2.40 31.02 13. 70 .058 23.44 19.41 . 16 25.36 .46 .48 1.53 
65 1.84 18. 30 9.74 .095 35.36 28.37 .40 32.32 . 17 .28 1.14 

HOLE NO. S - 11; Location SW SE Sec. 1, T. 152 N. , R. 56 W., Grand Forks County, North Dakota 

21 1.86 14. 96 8.71 .039 38.44 30.20 .43 32.76 .29 . 16 .80 
23 1.80 16 . 68 10.02 .045 35.60 28.24 .37 33 . 44 . 21 .18 .88 
25 2.16 17 . 96 9 .11 .058 32.40 25.41 .40 32 . 52 .33 .18 . 94 
27 2.04 17 . 16 9 . 40 .090 34.88 27.14 .48 33.20 .21 .41 1.11 

Chemical analyses of the Niobrara Formation, Shawnee-Mccanna area. Reprinted from Carlson (1964). 
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