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Core materials from the Manson Impact Structure (MIS; Manson, Iowa) are examined in order to evaluate 
post-impact alteration processes. Interpretation of the high temperature post-impact hydrothermal system is 
based on mineralogic and geochemical investigation. MIS rocks from the M1, M7, M8, and MI0 cores, 
obtained by the continental scientific drilling project (CSDP) at the MIS in 1991 and 1992, are utilized in this 
study. All lithologies, including the sedimentary clast breccias (SCB), crystalline clast breccias (CCB), and 
central peak crystalline rocks (CPC) have been described previously [I]. Particular emphasis is placed upon 
cavity (vugs and pores), fracture (veins and fracture-faces), and altered clast features within these lithologies. 
Analyses include petrography, scanning electron microscopy, and x-ray diffraction analysis. The presence of 
garnet (Ga), ferro-actinolite (FA), epidote (Ep), prehnite (Pr), wollastonite (Wo), , laumontite (La), quartz (Q), 
adularia (Ksp), pyrite (Py), clays (Cly) including corrensite, chlorite, illite, smectite, and a chlorite/smectite 
mixed-layer (approximately 15% chlorite component), calcite (CC), and analcime (An) define a hydrothermal 
system which developed at a temperature of at least 275°C and possibly up to 360°C, and ended at 
approximately ambient temperatures. These minerals are grouped according to their temperatures of 
occurrence in modem geothermal systems. The highest temperatures in the MIS are represented by a garnet 
and ferro-actinolite assemblage, named assemblage I. Assemblage I1 contains epidote, prehnite and 
wollastonite, which represents slightly lower temperatures in the system. The existence of laumontite, quartz, 
and adularia define a third assemblage, which represents moderate to low temperatures in the system. 
Assemblage IV is defined by calcite and clay(s), and represents the lowest alteration temperature at the MIS. 

An authigenic assemblage of garnet and ferro-actinolite (assemblage I) is found in the breccias of the M1, 
M8, M10, and M7 cores (Figure a). Garnet occurs primarily in the CCB-SM lithology (figure a), with the 
majority of the occurrences in vugs and pores. It is petrographically anisotropic and hexaoctahedral in habit 
(figure b). Minor amounts of grossular coexists with the more abundant andradite. Ferro-actinolite is abundant 
in all the CCB-type lithologies and in the CPC lithology (Figure a). It occurs in an asbestifom habit, primarily 
filling altered clasts and vugs/pores. According to textural associations, visible with the SEM and 
petrographically, garnet forms before ferro-actinolite. Garnet occurs in modem geothermal systems where 
measured minimum temperatures range from 275OC [2] to 360°C [5]. Ferro-actinolite, within these same 
systems, occurs where measured minimum temperatures range from 280°C [2] to 325OC [5]. Assemblage I 
represents the highest fluid temperatures in the MIS. 

Prehnite, wollastonite, and epidote occur in abundance in the M7 core (Figure a). Epidote and 
wollastonite are preferentially found in the CPC lithology, while prehnite is found in both the CCB-SM and the 
CPC lithologies. They have not been observed in the CCB-MM lithology. Wollastonite occurs only in 
fractures of large crystalline blocks of the CPC lithology, whereas epidote and prehnite occur primarily in 
altered clasts. Petrographic analyses reveal that epidote occurs after ferro-actinolite, and prehnite occurs after 
epidote. There is no textural evidence to indicate the paragenesis of wollastonite, but x-ray diffraction shows 
epidote always occumng with wollastonite. Similar coeval assemblages of wollastonite, epidote, and prehnite 
are noted in the Larderello (Italy) [3] and Krafla (Iceland) [4] geothermal systems. Furthermore, the prehnitel 
epidote/wollastonite assemblage in geothermal systems around the world represents a minimum temperature of 
occurrence ranging from 200°C to 300°C [5]. This assemblage (assemblage 11) likely represents a fluid 
temperature slightly cooler than the one that produced assemblage I. 

Laumontite is found in aI14 cores, primarily in the altered clasts and vugdpores of the CCB-SM and CPC 
lithologies, with some occurrences in these features in the CCB-MM lithology (Figure a). Textural 
relationships between laumontite and prehnite in core M7 exhibit laumontite growing after prehnite. 
Laumontite within Icelandic geothermal systems occurs over a temperature range of 100°C to 230°C [4], 
suggesting that the fluids forming laumontite were cooler than those that formed assemblage II. Quartz tends 
to be lithologically restricted to the CCB-MM of the M7 core (Figure a), while it is found in all lithologies of 
the M1 core, albeit in greater abundance in the CCB-MM. It is typically euhedral, granoblastic, and 
occasionally inclusion-rich and zoned. Adularia is a rare authigenic phase in the MIS. It is found primarily in 
the M1 core, where it occurs in the CCB type lithologies. The most frequent occurrence of adularia is in veins 
and fractures. Adularia is typically 2 5 0 p  along its c-axis and euhedral. SEM-EDS analyses reveal a trace 
amount of iron in the structure. Although quartz and adularia have a wide temperature range over which they 
occur in geothermal systems 151, they appear to post-date assemblage 11 minerals in the MIS. The paragenetic 
sequence of these three minerals (assemblage 111) is presently unresolved. Laumontite occumng in core M8 is 
interpreted to be coeval with quartz, while within cores MI and MI0 the possibility of contemporaneous 
formation between quartz, adularia, and laumontite exists, but is not definitive. Only in core M7 does quartz 
occur before laumontite, and adularia after laumontite. The fact that they all occur after the higher temperature 
assemblages (I,II), however, is well documented through textural relationships. 

Calcite occurs in all 4 cores of the MIS. Lithologic control on the occurrence of calcite seems to be 
nonexistent except for in the M7 core where it is limited to the CCB-MM lithology (Figure a). Textural 
evidence reveals that calcite is the last mineral to form in this system (Figure b). All four cores exhibit a 
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combination of five authigenic clays. Corrensite and chlorite are not limited to any one lithology. They occur 
in major abundance in the CCB-TZ and CCB-SM, and are minor or trace in abundance in the CCB-MM. Illite 
and smectite are most abundant in the SCB type lithologies and are possibly of detrital origin. The mixed-layer 
chloritelsmectite is most abundant in the SCB-KSB and CCB-MM lithologies. A progressively more 
crystalline (higher percentage of chlorite component) mixed-layer clay develops as one moves down the core 
through the CCB-MM lithology in core M1 and M7, or through the SCB-KSB into the CCB-MSM lithology in 
the M10 core. Clays in the MIS are quite m c u l t  to differentiate from one another petrographically and thus a 
paragenetic sequence for the five clay types is indeterminable. Paragenetic relationships between clays and the 
other authigenic minerals are highly varied. A consistent textural relationship, however, exists between clay 
and calcite. In cores M1, M10, and M8 interpretation of textural evidence suggests that calcite and clay are 
coeval, while clay(s) always occur before calcite in core M7. We interpret the calcitelclay assemblage 
(assemblage IV) to represent the lowest temperatures in the system, possibly similar to the Valles (New 
Mexico) geothermal system in which calcite and clays occur together at temperatures as low as 40°C [6]. 

The occurrence of certain minerals constrain the temperatures of the hydrothermal system that existed 
within the MIS. Assemblage I suggests that temperatures may have been as high as 360°C in the system. A 
model for the thermal history of the MIS is reported elsewhere [7]. Successively decreasing temperatures 
through time, approaching ambient temperatures, are suggested by the lower temperature assemblages 11, III, 
and IV. The distribution of these minerals within the lithologies of the MIS furnish an insight into the thermal 
architecture and history of the MIS. 
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Fi re a. M7 core mineral abundance chart. Figure b. Photomicrograph of vein minerals in CCB-SM 
of%7 core (4 1 1.5 A depth). See text for mineral and lithology symbols. 
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