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ABSTRACT
 
            The authors were asked by Ray Grant to write a chapter on Arizona geologic history and prepare mineral district maps for the 4th edition of Mineralogy of Arizona, to be published by the University of Arizona Press in 2021 or 2022. The author’s 3-year effort resulted in a complete revision of the Arizona metallic mineral district map originally published by Keith and others in 1983 as Bulletin 194 from the Arizona Bureau Geology and Mineral Technology (now Arizona Geological Survey). The 1983 map presented for the first time outlines drawn around areas of metallic meganeralization of a certain age and metal type that typically correlated with a specific suite of igneous rock of the same age as the mineralization (the igneous suites were not shown at the time). The map was designed to be geologic and not to simply designate an area of historical mining activity as had been traditionally presented in previous literature.
 
Major additions to the mineral district map that are presented in the 4th edition include outlines for non-metallic and petroleum systems, which are also considered mineral systems. Mineral system compositional data was combined with chemical and mineralogical information for temporally and spatially associated magmatism. The magmatism was classified into Peraluminous and Metaluminous megaseries and then into Quartz Alkalic, Alkali-Calcic, Calc-Alkalic, and Calcic series and in selected cases, oxidized and reduced mini-series (Keith and others, 1991; Keith and Wilt, 1986; Keith and Swan, 1995). This approach allowed a systematic grouping of metallic production data and mineralogical occurrences into the mineral district map units.
 
  Inspection of the county maps revealed contiguous areas of the same type of magmatism, metals, and age dates that are called super-systems, These super-systems probably are related to deeper, underlying batholiths. Some groupings of super-systems are called mega-systems. The mega-system units are large enough to be considered mini-metallogenic provinces and generally are not mixed with any other mineral system type. The mineral district maps in the 4th edition of Mineralogy of Arizona have information for each district about the igneous rock association, metals present, and age of the deposit in Ma.
 
The mineral district maps introduce another new type of mineral district system: the ultra-deep hydrothermal (UDH) system. These gigantic systems are crustal in scale and represent various fractionations of massive hydrothermal fluids that in part are related to serpentinization processes deep in, or at the base of, the crust (the Serpentosphere of Keith and others, 2008). Such UDH systems include regional dolomitization (e.g., Epitaph System in southeastern Arizona), saline deposits (Holbrook basin in northeastern Arizona), chemical black shale deposits (e.g., Yellowbird graphite-graphene deposit in west-central Arizona), and hydrothermal oil systems (e.g., Dineh bi Keyah oil field in northeastern Arizona). UDH systems appear to be maximized during extensional rift episodes that tap deep mantle sources.
 
Compilation of the maps was done using stratotectonic analysis in the sense of Keith and Wilt (1986) and the magma-metal series classification presented by Keith and others (1991). This compilation revealed that at least 14 orogenic episodes or cycles affected Arizona though time, beginning about 1840 Ma, as recorded in zircons from the Elves Chasm orthogneiss of the western Grand Canyon. The research also revealed that the oldest geologic material in Arizona is not a rock, but is the mineral zircon. Detrital zircons as old as about 3.796 Ga have been extracted from the Vishnu Schist in the eastern Grand Canyon. This date suggests the sediments containing the zircon were derived from the Wyoming craton to the north of Arizona. The compilation also indicated that at least 4 periods of rifting or attempted rifting are present that intervene between the orogenic events.
 
The orogenic/rift parade is summarized in Table 1. Each member of the orogenic parade can be generally divided into 3 phases:
 
1.   Metaluminous magmatism related to steep or steepening slab subduction;
2,   Peraluminous (two-mica granite) magmatism related to flat subduction. 
3. Epeiric uplift and erosion forming major erosion surfaces beneath regional                      unconformites that separate the orogenic events. Mature continental sediments (sandstones or quartzites) generally occur on the unconformities, and immature arksosic clastic and chemical, carbonaceous, black shales were deposited, along with mafic magmatism, in the rift sequences.
 
Each of the above phases can be combined into an orogenic cycle, of which at least 14 are currently recognized. Thirteen of the 14 orogenic cycles are fundamentally compressive in nature, whereas one (the San Andreas orogeny) is fundamentally transpressive in nature, and can be divided into transpressive fold ranges (e.g., the transverse ranges of west-central Arizona) and transtensional, horst-graben domains.
 
The variety of resource specialties in Table 1 shows that Arizona is not characterized by a preferred metallogenic bias, such as copper. For example, through geologic time, only two porphyry copper events (early Jurassic and Laramide) are associated with metaluminous magmatism in the geologic record, whereas at least five tungsten (minor beryllium) events are associated with granite systems of peraluminous affinity. Hence, Arizona through time is characterized by metallogenic heterogeneity and should not be considered only a copper metallogenic province. The porphyry copper cluster instead should be considered a region of smaller copper clusters interspersed with lead-zinc-silver and tungsten (beryllium) clusters.
 
ATTACHED PDF: Table 1.  Summary of orogenies, and associated magmatism, age, resources, examples, and minerals
Table 1 Notes: MC=Metaluminous Calcic, MCA=Metaluminous Calc-alkalic, MAC=Metaluminous Alkali-calcic, MQA=Metaluminous Quartz Alkalic, MNA=Metaluminous Nepheline Alkalic; PC=Peraluminous Calcic, PCA=Peraluminous Calc-alkalic, PAC=Peraluminous Alkali-calcic; UDH =Ultra-deep Hydrothermal; VMS=Volcanogenic Massive Sulfide; BIF=Banded Iron Formation; Ma=Million years ago
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