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Absfract

Crystallographic, petrographic, and X-ray powder difiraction analysis of approximately
15,000 samples showed that the most common mineral constituents of human pathological
concretions are calcium oxalates (whewellite and weddellite), calcium phosphates (apatite,
brushite, and whitlockite), and magnesium phosphates (struvite and newberyite). Less 

"o-rnonare monetite, hannayite, calcite, aragonite, vaterite, halite, gypsum, and hexahydrite. of the
variables determining which minerals precipitate, the effects of different pH values on deposi-
tional conditions are most apparent, and are shown by occurrences and relationships among
many of the minerals studied. A pH-sensitive series has been identified among magnesium
phosphates in concretions.

Introduction

The importance of mineralogy in the field of medi-
cine lies in the application of mineralogical methods
to study pathological mineral deposits in the human
body. Urology benefits greatly because concretions
of mineral matter (calculi) are common in the
urinary system. The value of mineralogical analysis
of urinary material was first described by prien and
Frondel (1947). Mineralogists may be unaware of
the variability and nature of such compounds be-
cause reports are usually published in medical
journals. This investigation reports the mineralogy
and possible pathological significance of these min-
erals.

Some mineralogists would not consider these
materials minerals in the strictest sense. Because
most of these compounds are identical with minerals
in composition and structure, and often in mechanics
of their formation, they are herein referred to by
mineral names, leaving the question of their status
unanswered. Only those compounds existing else-
where as minerals, sensu strictu, are discussed in
detail, even though crystalline organic compounds
such as uric acid and cystine occur as urinary calculi.

Scope and Methods

The writer determined mineralogic composition
and depositional sequence for approximately 15,000
human pathological mineral deposits obtained from
doctors and hospitals in various parts of the United
States, with most samples coming from the Midwest.

The study was carried out over a period of three
years. Composition was confirmed by X-ray powder

diffraction and polarizing microscopy; sequence was
arrived at from considerations of microscopic tex-
tural and crystallographic relationships. More than
14,500 samples were derived from the urinary sys-
tem of kidneys, ureters, bladder, and urethra; the
remaining samples are not statistically significant
and are discussed only briefly.

Calcium Oxalates

Whewellite, CaCzOE.H2O, and weddellite, CaCz-
O4'2H2O, are very uncommon in the mineral world.
However, they both occur abundantly in calculi.
Although the two phases are frequently associated
in the same calculus, their habits are markedly dif-
ferent and warrant separate discussion.

Whewellite

The predominant habit consists of smooth to
botryoidal or globular, radiating crystalline aggre-
gates. Discrete crystals are rarely present, although
a monoclinic (010) or (110) cleavage can be ob-
served in the crystalline mass. The most common
colors are brown to olive green, but shades from
black to yellow exist. This variation is due to dif-
fering amounts of included organic material, includ-
ing blood. Whewellite calculi very often are de-
posited upon renal papillae, small protrusions within
the kidney. When this happens, the calculus almost
invariably has a relatively small nucleus which is
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