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MAP 2A— Geologic structure map illustrating highly generalized geology, locations of major geologic structures, interpreted maximum fault displacement age, and geochronologic sample locations (Table 1). Fault-line continuity is inferred and does 
not necessarily indicate crosscutting relationships with map units. Fault-line dash lengths denote interpreted maximum ages of latest slip based on crosscutting relationships and the presence of topographic scarps (fault-age estimates modified from 
Machette et al. 1998).

Allen, B. D., Connell, S. D., Hawley, J. W., and Stone, B. D., 1998, Core drilling provides information about Santa 
Fe Group aquifer system beneath Albuquerque’s West Mesa: New Mexico Geology, v. 20, no. 1, pp. 8–13.

Brandes, N. N., 2002, Lithostratigraphy and petrography of upper Santa Fe Group deposits in the northern 
Albuquerque Basin, New Mexico: Unpublished M.S. thesis, New Mexico Institute of Mining and Technology, 
Socorro, 208 pp.

Cather, S. M., and Connell, S. D., 1998, Preliminary geologic map of the San Felipe Pueblo 7.5’ quadrangle, Sandoval 
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map 19, scale 
1:24,000, revised May 2004, http://geoinfo.nmt.edu/publications/maps/geologic/ofgm/19. Accessed March 
24, 2008.

Cather, S. M., Connell, S. D., Heynekamp, M. R., and Goodwin, L. B., 1997, Geology of the Arroyo de las Calabacillas 
(Sky Village SE) 7.5-minute quadrangle, Sandoval County, New Mexico: New Mexico Bureau of Mines and 
Mineral Resources, Open-file Geologic Map 9, scale 1:24,000. 

Chamberlin, R. M., Karlstrom, K. E., Connell, S. D., Brown, C., Nyman, M., Hitchcock, C., Kelson, K. I., Noller, 
J., Sawyer, T., Cavin, W., Parchman, M., Cook, C., and Sterling, J., 1997, Geology of the Mt. Washington 7.5’ 
quadrangle, Bernalillo and Valencia Counties, New Mexico: New Mexico Bureau of Mines and Mineral Resources, 
Open-file Geologic Map 8, scale 1:24,000, revised January 2001, http://geoinfo.nmt.edu/publications/maps/
geologic/ofgm/8/. Accessed March 24, 2008.

Connell, S. D., 1997, Geology of the Alameda quadrangle, Bernalillo and Sandoval Counties, New Mexico: New 
Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map 10, scale 1:24,000, revised February 
2000, http://geoinfo.nmt.edu/publications/maps/geologic/ofgm/10/. Accessed March 24, 2008.

Connell, S. D., 2004, Geology of the Albuquerque Basin and tectonic development of the Rio Grande rift in north-
central New Mexico; in Mack, G. H., and Giles, K. A. (eds.), The geology of New Mexico—a geologic history: 
New Mexico Geological Society, Special Publication 11, pp. 359–388.

Connell, S. D., 2008, Refinements to the stratigraphic nomenclature of the Santa Fe Group, northwestern 
Albuquerque Basin, New Mexico: New Mexico Geology, v. 30, no. 1, pp. 14–35.

Connell, S. D., and Wells, S. G., 1999, Pliocene and Quaternary stratigraphy, soils, and tectonic geomorphology 
of the northern flank of the Sandia Mountains, New Mexico: implications for the tectonic evolution of the 
Albuquerque Basin; in Pazzaglia, F. J., and Lucas, S. G. (eds.), Albuquerque geology: New Mexico Geological 
Society, Guidebook 50, pp. 379–391.

Connell, S. D., Allen, B. D., and Hawley, J. W., 1998a, Subsurface stratigraphy of the Santa Fe Group from borehole 
geophysical logs, Albuquerque area, New Mexico: New Mexico Geology, v. 20, no. 1, pp. 2–7.

Connell, S. D., Koning, D. J., and Cather, S. M., 1999, Revisions to the stratigraphic nomenclature of the Santa Fe 
Group, northwestern Albuquerque Basin, New Mexico; in Pazzaglia, F. J., and Lucas, S. G. (eds.), Albuquerque 
geology: New Mexico Geological Society, Guidebook 50, pp. 337–353.

Connell, S. D., Love, D. W., and Dunbar, N. W., 2007, Geomorphology and stratigraphy of inset fluvial deposits 
along the Rio Grande valley in the central Albuquerque Basin, New Mexico: New Mexico Geology, v. 29, no. 1, 
pp. 13–31.

Connell, S. D., Allen, B. D., Hawley, J. W., and Shroba, R. R., 1998b, Geology of the Albuquerque West 7.5-minute 
quadrangle, Bernalillo County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-
file Geologic Map 17, scale 1:24,000, revised February 2000, http://geoinfo.nmt.edu/publications/maps/
geologic/ofgm/17/. Accessed March 24, 2008.

Connell, S. D., Cather, S. M., Dunbar, N. W., McIntosh, W. C., and Peters, L., 2002, Stratigraphy of the Tanos and 
Blackshare Formations (lower Santa Fe Group), Hagan embayment, Rio Grande rift, New Mexico: New Mexico 
Geology, v. 24, no. 4, pp. 107–120.

Connell, S. D., Cather, S. M., Ilg, B., Karlstrom, K. E., Menne, B., Picha, M., Andronicus, C., Read, A. S., Bauer, P. 
W., and Johnson, P. S., 1995, 1998, Geology of the Bernalillo and Placitas quadrangles, Sandoval County, New 
Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Maps 2 and 16 combined, 
scale 1:24,000, revised July 2000, http://geoinfo.nmt.edu/publications/maps/geologic/ofgm/2/ and http://
geoinfo.nmt.edu/publications/maps/geologic/ofgm/16/. Accessed March 24, 2008.

Galusha, T., 1966, The Zia Sand Formation, new early to medial Miocene beds in New Mexico:  American Museum 
Novitates, no. 2271, pp. 1–12.

Gawne, C., 1981, Sedimentology and stratigraphy of the Miocene Zia Sand of New Mexico, summary: Geological 
Society of America, Bulletin, Part I, v. 92, no. 12, pp. 999–1007.

Grauch, V. J. S., Gillespie, C. L., and Keller, G. R., 1999, Discussion of new gravity maps for the Albuquerque 
Basin area; in Pazzaglia, F. J., and Lucas, S. G. (eds.), Albuquerque geology: New Mexico Geological Society, 
Guidebook 50, pp. 119–124.

Grauch, V. J. S., Hudson, M. R., and Minor, S. A., 2001, Aeromagnetic expression of faults that offset basin fill, 
Albuquerque Basin, New Mexico: Geophysics, v. 66, no. 3, pp. 707–720.

Hawley, J. W., 1996, Hydrogeologic framework of potential recharge areas in the Albuquerque Basin, central New 
Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Report 402 D, Chapter 1, 68 pp.

Hawley, J. W., and Haase, C. S., 1992, Hydrogeologic framework of the northern Albuquerque Basin:  New Mexico 
Bureau of Mines and Mineral Resources, Open-file Report 387.

Hawley, J. W., Haase, C. S., and Lozinsky, R. P., 1995, An underground view of the Albuquerque Basin: New 
Mexico Water Resources Research Institute, Report 290, pp. 27–55.

Johnson, P. S., 2000, Phase II hydrogeologic and water resource assessment for the Placitas Development area, 
Sandoval County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Final Technical Report 
submitted to Sandoval County, 66 pp.

Karlstrom, K. E., Amato, J. M., Williams, M. L., Heizler, M., Shaw, C. A., Read, A. S., and Bauer, P., 2004, Proterozoic 
tectonic evolution of the New Mexico region: a synthesis; in Mack, G. H., and Giles, K. A. (eds.), The geology of 
New Mexico—a geologic history: New Mexico Geological Society, Special Publication 11, pp. 1–34.

Karlstrom, K. E., Connell, S. D., Read, A. S., Osburn, G., Abbott, J. C., Hitchcock, C., Kelson, K. I., Noller, J., Sawyer, 
T., Ralser, S., Love, D. W., Nyman, M., and Bauer, P. W., 1994, Geology of the Tijeras quadrangle, Bernalillo 
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map 4, scale 
1:12,000, revised February 2000,  http://geoinfo.nmt.edu/publications/maps/geologic/ofgm/4/. Accessed 
March 24, 2008.

Kelley, V. C., 1977, Geology of the Albuquerque Basin, New Mexico: New Mexico Bureau of Mines and Mineral 
Resources, Memoir 33, 60 pp.

Kelley, V. C., and Kudo, A. M., 1978, Volcanoes and related basalts of Albuquerque Basin, New Mexico: New 
Mexico Bureau Mines Mineral Resources, Circular 156, 30 pp.

Kelson, K. I., Hitchcock, C. S., and Randolph, C. E., 1999, Liquefaction susceptibility in the inner Rio Grande valley 
near Albuquerque, New Mexico: U.S. Geological Survey, National Earthquake Hazards Reduction Program, 
Final Technical Report, Award Number 98-HQ-GR-1009, 40 pp.

Kernodle, J. M., 1998, Simulation of ground-water flow in the Albuquerque Basin, central New Mexico, 1901–95, 
with projections to 2020: U.S. Geological Survey, Open-file Report 96-209, 54 pp.

Kirby, E., Karlstrom, K. E., and Andronicus, C., 1995, Tectonic setting of the Sandia pluton: an orogenic 1.4 Ga 
granite in New Mexico: Tectonics, v. 14, pp. 185–201.

Koning, D. J., and Personius, S. F., 2002, Geologic map of the Bernalillo NW quadrangle, Sandoval County, New 
Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map MF-2404, scale 1:24,000, http://pubs.usgs.
gov/mf/2002/mf-2404/. Accessed March 24, 2008.

Koning, D. J., Pederson, J., Pazzaglia, F. J., and Cather, S. M., 1998, Geology of the Cerro Conejo (Sky Village NE) 
7.5-min quadrangle, Sandoval County, New Mexico: New Mexico Bureau of Mines and Mineral Resources, 
Open-file Geologic Map 45, scale 1:24,000.

Kucks, R. P., Hill, P. L., and Heywood, C. E., 2001, New Mexico aeromagnetic and gravity maps and data: a web 
site for distribution of data: U.S. Geological Survey, Open-file Report 01-0061, http://pubs.usgs.gov/of/2001/
ofr-01-0061/html/newmex.htm. Accessed March 24, 2008.

Lambert, P. W., 1968, Quaternary stratigraphy of the Albuquerque area, New Mexico: Unpublished Ph.D. 
dissertation, University of New Mexico, Albuquerque,  329 pp.

Lambert, P. W., 1974, Map showing present and potential sources of blowing sand in the La Mesita Negra SE 
quadrangle, Bernalillo County, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map MF-600, 
scale 1:24,000.

Lozinsky, R. P., 1994, Cenozoic stratigraphy, sandstone petrology, and depositional history of the Albuquerque 
Basin, central New Mexico: Geological Society of America, Special Paper 291, pp. 73–82.

Lucas, S. G., 1982, Vertebrate paleontology, stratigraphy, and biostratigraphy of Eocene Galisteo Formation, north-
central New Mexico: New Mexico Bureau of Mines and Mineral Resources, Circular 186, 34 pp.

Lucas, S. G., Cather, S. M., Abbott, J. C., and Williamson, T. E., 1997, Stratigraphy and tectonic implications of 
Paleogene strata in the Laramide Galisteo Basin, north-central New Mexico: New Mexico Geology, v. 19, no. 4, 
pp. 89–95.

Machette, M. N., 1978, Geologic map of the San Acacia quadrangle, Socorro County, New Mexico: U.S. Geological 
Survey, Geologic Quadrangle Map GQ-1415, scale 1:24,000.

Machette, M. N., 1985, Calcic soils of the southwestern United States; in Weide, D. L. (ed.), Soils and Quaternary 
geology of the southwestern United States: Geological Society of America, Special Paper 203, pp. 1–21.

Machette, M. N., Personius, S. F., Kelson, K. I., Haller, K. M., and Dart, R. L., 1998, Map and data for Quaternary 
faults and folds in New Mexico: U.S. Geological Survey, Open-file Report 98-521, 443 pp., scale 1:750,000.

Morgan, G. S., and Lucas, S. G., 2003, Mammalian biochronology of Blancan and Irvingtonian (Pliocene and 
early Pleistocene) faunas from New Mexico: Bulletin of the American Museum of Natural History, v. 279, no. 
1, chapter 12, pp. 269–320.

Peate, D. W., Chen, J. H., Wasserburg, G. J., and Papanastassiou, D. A., 1996, 238U-230Th dating of a geomagnetic 
excursion in Quaternary basalts of the Albuquerque volcanoes field, New Mexico (USA): Geophysical Research 
Letters, v. 23, no. 17, pp. 2271–2274.

Personius, S. F., 2002, Geologic map of the Santa Ana Pueblo quadrangle, Sandoval County, New Mexico: U.S. 
Geological Survey, Miscellaneous Field Studies Map MF-2405, scale 1:24,000, http://pubs.usgs.gov/mf/2002/
mf-2405/. Accessed March 24, 2008.

Personius, S. F., Machette, M. N., and Stone, B. D., 2000, Preliminary geologic map of the Loma Machete 
quadrangle, Sandoval County, New Mexico: U.S. Geological Survey, Miscellaneous Field Studies Map MF-2334, 
scale 1:24,000, http://pubs.usgs.gov/mf/2000/mf-2334/. Accessed March 24, 2008.

Plummer, L. N., Bexfield, L. M., Anderholm, S. K., Sanford, W. E., and Busenberg, E., 2004, Geochemical 
characterization of ground-water flow in the Santa Fe Group aquifer system, Middle Rio Grande Basin, New 
Mexico: U.S. Geological Survey, Water-Resources Investigations Report 03-4131, 395 pp., 1 CD-ROM.

Read, A. S., Karlstrom, K. E., Connell, S. D., Kirby, E., Ferguson, C. A., Ilg, B., Osburn, G. R., Van Hart, D., Pazzaglia, 
F. J., 1995, Geology of the Sandia Crest quadrangle, Bernalillo and Sandoval Counties, New Mexico: New 
Mexico Bureau of Mines and Mineral Resources, Open-file Geologic Map 6, scale 1:24,000, revised February 
2000, http://geoinfo.nmt.edu/publications/maps/geologic/ofgm/6/. Accessed March 24, 2008.

Renne, P. R., Swisher, C. C., Deino, W. D., Karner, D. B., Owens, T. L., and DePaolo, D. J., 1998, Intercalibration of 
standards, absolute ages and uncertainties in 40Ar/39Ar dating: Chemical Geology, v. 145, pp. 117–152.

Russell, L. R., and Snelson, S., 1994, Structure and tectonic of the Albuquerque Basin segment of the Rio Grande 
rift: insights from reflection seismic data: Geological Society of America, Special Paper 291, pp. 83–112. 

Shroba, R. R., Thompson, R. A., Schmidt, D. L., Personius, S. F, Maldonado, F., and Brandt, T. R., 2003, Geologic map 
of the La Mesita Negra SE quadrangle, Bernalillo County, New Mexico: U.S. Geological Survey, Miscellaneous 
Field Studies Map MF-2416, scale 1:24,000, http://pubs.usgs.gov/mf/2003/mf-2416/. Accessed March 24, 2008.

Smith, G. A., and Kuhle, A. J., 1998, Hydrostratigraphic implications of new geological mapping in the Santo 
Domingo Basin, New Mexico: New Mexico Geology, v. 20, no. 1, pp. 21–27.

Stearns, C. E., 1943, The Galisteo Formation of north-central New Mexico: Journal of Geology, v. 5, pp. 301–319.
Stearns, C. E., 1953, Tertiary geology of the Galisteo–Tonque area, New Mexico: Geological Society of America, 

Bulletin, v. 64, pp. 459–508.
Tedford, R. H., and Barghoorn, S., 1999, Santa Fe Group (Neogene), Ceja del Rio Puerco, northwestern Albuquerque 

Basin, Sandoval County, New Mexico; in Pazzaglia, F. J., and Lucas, S. G. (eds.), Albuquerque geology: New 
Mexico Geological Society, Guidebook 50, pp. 327–335.

Tedford, R. H., Albright, L. B., III, Barnosky, A. D., Ferrusquia-Villafranca, I., Hunt, R. M., Jr., Storer, J. E., Swisher, 
C. C., III, Voorhies, M. R., Webb, S. D., and Whistler, D. P., 2004, Mammalian biochronology of the Arikareean 
through Hemphillian interval (late Oligocene through early Pleistocene epochs); in Woodburne, M. O. (ed.), 
Late Cretaceous and Cenozoic mammals of North America: biostratigraphy and geochronology: Columbia 
University Press, New York, pp. 169–231.

References

40

550

25

556

40

25

MAP 2B—Generalized geologic map illustrating locations of major geologic structures and wells that fully penetrate deposits assigned to the Ceja and Sierra Lad-
rones Formations (QTsfu). Fault-line continuity is inferred and does not necessarily indicate crosscutting relationships with map units. Structure contours denote 
interpreted top of middle and lower Santa Fe Group map units (Ts; Table 2). Darker shaded area denotes saturated upper Santa Fe Group basin fill (QTsfu) calculated 
by subtracting 1994–1998 ground water elevation data (modified from Kernodle 1998 and Johnson 2000) from the structure contour data. 

MAP 2C—Map of isostatic gravity anomaly, simplified major structures, and structural features (Table 2). Fault-line continuity is inferred. The Ziana accommodation 
zone represents an anticlinal accommodation zone that divides the Santo Domingo and Calabacillas sub-basins of the Albuquerque Basin (sub-basins from Grauch 
et al. 1999). The northern edge of the Belen sub-basin (not shown) lies along the southern part of this map. The Laguna bench (Hawley 1996) represents a structural 
bench along the western part of the map. The Tijeras fault zone divides the Manzanita and Sandia Mountains. The morphologic front of the Sandia Mountains (as 
approximated by the western edge of older units Xu, Ys, Pz, Mz, and Tsp) is not coincident with the large westward decrease in the gravity anomaly. Gravity maps 
generated from point data of Kucks et al. (2001). 
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TABLE 2 —Explanation of map and geologic cross section units. Geologic cross section drawn based on data from geologic map (Sheet 1), available 
well data, gravity data (Kucks et al. 2001), data and interpretation from Lozinsky (1994), Hawley (1996), Hawley et al. (1995), Connell (2004), Con-
nell et al. (1998a, 1999), and seismic reflection profiles (Russell and Snelson 1994). Lighter shading and bracketed unit symbols denote eroded units 
that are projected above the topographic profile. Curved fault geometry after Russell and Snelson (1994). Surficial geology incompletely shown.

TABLE 1 —Summary of geochronological data for Cenozoic units. Sample locations on geologic map (Sheet 1) and Map 2A (Sheet 2). Unit column denotes 
mapped units on Sheet 1. Brackets denote units Map 2A (Sheet 2). Colors in Sample number column refer to unit colors on geologic map (Sheet 1). Colors 
in Unit column refer to unit colors (Sheet 2). Laboratory numbers not available (n.a.).
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