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Often times we receive requests from our retail members for information on memorial stone.  We have previously featured an article focusing on granite and the various types; however, we thought it might be good timing to brush up on this igneous rock, its weathering process, and also compare it to others stones.  We hope this information will help you know more about your products, and as a result, help in the selling process.
Next month we will be featuring an article on marble.

Granite is an igneous rock and is as old as the earth.  It is formed from liquid magma – the molten rock still found at the core of the planet – and is cooled slowly to form a substance approaching the hardness and durability of diamond.  The hardness and density of granite is owed to the fact that it has been solidified deep within the earth under extreme pressure.  It has a specific gravity of about 2.7, which means it is 2.7, which means it is 2.7 times heavier than water.
“Granites are formed of an aggregate of crystals which are molded together without any interspace between them or which enclose one another.  The magnificent crystallinity of granite is a striking characteristic.” (Geology of Granite, E. Raguin, London, 1965)

Three essential minerals

Many varieties of the granite stone exist, all differing in color, texture, and crystalline structure.  However, all granites have three essential minerals in common: feldspar, quartz, and mica.  These minerals occur in different proportions, giving each granite is own rich color, texture, and structural characteristics.  Other minerals may also be present in small amounts, adding to the unique coloration and texture of each granite deposit.

Other minerals found in many granites include biotite or black mica, aluminum silicate, and scattered grains of hornblende.  However, feldspar is the predomininant mineral in granite, while more quartz is found in this rock compared to other igneous rocks.  Quartz is a glassy-looking mineral that appears almost transparent.  It is very hard and ranks about third below diamonds in hardness.
The formation of granite

To the unskilled eye, many rocks have the appearance of granite.  Those that appear like granite, but are not granite contain less quartz and posses other materials that make them unsatisfactory for monumental purposes.

Why is there a different in mineral content?  Geologists tell us that the magma, or molten rock below the surface, is highly charges with gases that stay in the solution as long as it is held under strong pressure.  As the magma works its way around, the gases escape through fractures in the rocks above.  If these escape hatches are sufficient size, a volcano erupts, pushing the magma to the surface. There, it is contaminated with layers of sand, clay, limestone, and other minerals and small rocks.  Although it may cool into what appears to be a solid rock, it is extremely mixed with other materials and it is unsuitable for any commercial purpose.

For the formation of perfect granite, the magma of the proper mineral content was cooled down slowly, well under the earth’s surface.  Silicon and oxygen amount to as much as 75 percent.  Due to the delicate balance of these factors – elements and minerals – we do not have an overabundance of perfect granite in the world today.

Granite as a monument stone
The U.S. Bureau of Mines does not classify all granites suitable for monumental stone.  According to the Bureau’s standards for class 1 granites, the must:

· Meet exacting requirements, such as uniform texture and color

· Freedom from flaws

· Suitable for polishing and carving

· Resistance to weathering.

In a test completed on all recognized monumental grade granites by the U.S. Bureau of Mines, they stated the following.  “Many trade names are applied to memorials stones and prospective users may raise questions as to whether these names, varieties, or types are superior to others.  The Bureau of Mines has no data indicating that any of them are more enduring.  In fact, all of the monumental granites produced by reputable firms in the well-known regions last so long with little visible change that the factor of endurance should scarcely be given consideration in making a choice. Selection may therefore be made on the basis of color, texture, design, and workmanship that best suit individual taste.”

Black Basalt

One great field of mountainous rock in the Pacific Northwestern stated is chiefly Black Basalt, a volcanic rock.  This includes Mount Rainier and the ranges south and east of it.  Black Basalt is contains less silica compared top granite.  It has a specific gravity of 3.5 as opposed to 2.7 for granite.  Black Basalt is usually black or dark brown in color and finely grained.
Variegated Granite


Granite masses that were disturbed by glaciers, earthquakes, or erosion sometimes formed streaks, waves and crystal variations that we can see today.  Granite that was slowly cooled, and then re-heated into a molten mass would mix with foreign substances causing boulder formations, banded rocks, cracks, or faults.


Today, quarries may mine sections of granite that contain different colored or streaked varieties, which is an indication of the foreign matter that was introduced into the near-perfect granite mass eons ago.

However, the mineral in magma were not always of the proportions to form granite.  The amount of quartz in the rock may gradually taper off in an area surrounding a granite deposit to form a rock called “diorite”.  Diorite is only one of the many rocks that is mistakenly called granite.  The magma may have contained the proper amount of minerals for granite, but uneven distribution makes it unusable for monumental purposes.


Much of granite in the Black Hills of South Dakota has large mica sheets of muscovite, or white mica, and much of its known as “giant granite” because of its large grains which make it impractical for commercial use.


Geologists say that the size of the grain in stone is determined by the length of time it took in cooling.  Lava from volcanoes cools quickly and is broken into small particles that form a stone with a fine grain.  Magma, which rapidly cools underground, forms finer grained stones: those that cool slowly form rocks with larger granules.


The dark minerals, such as the mica, are considered to be almost a perfect crystal.  This suggests they formed first, while the mass was molten.  The Feldspar formed next, and the grains crowded against each other and hampered the growth.  Lastly, quartz crystallized and molded around the angular grains of the earlier minerals.  The interlocking arrangement of grains is characteristic granite and is called granite texture.  This texture must be nearly even if it is to be acceptable for monumental purposes.

Granite Gneiss


Very course-grained granite is called Gneiss.  It is a kind of granite with an imperfect layer of metamorphic rock, which causes it to contain large faults.  Many gneiss granites have a streaky, rough-layered appearance.  Granite gneiss is a distinctly banded rock with the mineral composition of granite.  This material can be used in such giant figures as those carved in Mount Rushmore.


It is difficult to find granite deposits that are of a correct mineral content and texture.  The period of time required for the formation of granite consumes millions of years, and the granite quarries that are productive today may have at one time been covered with thousands of feet of soil, sandstone, or other material.  Erosion and glacier action have moved that material away and made the deposits available.

Weathering


Weathering is a process of decomposition and can be divided into two classes: chemical and mechanical.

Chemical weathering


In chemical weathering, the most important aspects are the forces of the atmosphere and the hydrosphere. Carbon dioxide and water make chronic acid, as does decaying vegetation.  This carbonic acid attacks the rocks when it comes in contact with them through rain.  It becomes even more effective as it takes on the carbonic acid from the decaying vegetation.  When an igneous rock is attacked by carbonic acid, the Feldspar decays first.  This decomposed Feldspar washes off the rock to form a bed of clay.  Time and weather cause this layer of clay to form into a rich loam.


Feldspar is a general term for a group of related and very important rock-making minerals. One of those most abundant in granite is Orthoclase, a combination of potassium, aluminum, silicon, and oxygen.  Other types of feldspar have sodium and calcium.  The decomposing of the black mica, which contains iron, may color the clay.  The color varies from a light yellow to a deep brown as the amounts of iron vary.


Chemical weathering is particularly important in wet, tropical conditions.  Under tropical weathering conditions, feldspar may lose all other silica and the remaining substance will form bauxite, the commercial source of aluminum.


When feldspar is washed away from the disintegrating stone, the quartz crystals stand alone and are gradually loosened and carried away to form deposits of silica or sand.

Mechanical weathering


Mechanical weathering has three classes: frost-wedging, plants and animals, and fire.


The crystallizing of water into ice causes frost-wedging.  Water expands approximately nine percent when frozen and places considerable pressure on the components of the stone.  The freezing of water into cracks and crevices of rocks in the colder regions is a great force in breaking them into pieces of compressing them.  How does frost-wedging occur?  In deep, water-filled crevices the top may freeze solid first, as the water freezes further down it cannot push upward.  The result is a tremendous breaking pressure called frost-wedging.  As the frost opens up the crevices in the rocks, the roots of the trees gradually extend into these crevices and assist in wedging the rock apart.


Forest fires brake large flakes from the exposed surface of the bedrock.  If sudden showers cool the rock, it has the same effect as the use of a blowtorch on granite.

Comparing Granite to Other Stones


When compared to other natural stones, the physical characteristics of granite make it ideal for any application requiring durability and low-maintenance.  Granite is the hardest of all stone (except for diamond) and it has a very dense grain.  It can be finished in a variety of ways, such as polishing, each with its own look and texture to allow for creativity and versatility in design.


Much of what is known about ancient civilizations comes from granite.  The tools they used and their inscriptions were made of granite, and for that reason there are artifacts that have survived to tell stories.


The pyramid of Cheops in Cairo, Egypt is one of the first mausoleums to incorporate granite.  This massive burial chamber for the king and his valuables was created from the beautiful red granite quarried at nearby Aswan.

The pre-Incas of Peru chose granite as their primary material for buildings and memorials.  Machu Picchu, the ancient city of granite, stands as a living testament to the durability and timelessness of granite.  This city was built on a mountainside in fourth millennium, B.C. and the granite structures remain almost perfectly intact today.

The Government Report


In 1940, tests were done on 116 samples of granite from major granite producing areas of the U.S.  The report was written by Daniel W. Kessler, Herbert Insley and William H. Sligh for the journal of Research of the National Bureau of Standards.  They state in their abstract that “[American} black granites are stronger, denser, and less absorptive” than any other American samples.


However, granite is indicated to be stronger in compression than any other type of material, except for some quartzites.  In addition, the government tested:

· flexural strength

· shearing strength
· abrasive hardness
· toughness

· elasticity

· absorption

· density

· porosity

· water transmission rates

· durability


Absorption tests were made by drying specimens for 24 hours at 105 degrees C, after which specimens were weighed and then immersed for various times.  The absorption rate was computed by weighing the surface-dried sample after immersion.  The results indicate that there are small increases in absorption for all samples.


The average absorption of all samples in the tests was .24 percent for 2 days of immersion.  When the samples were immersed for one year their average absorption was only .28 percent.

Water transmission rates showed a wide variety of responses from the 116 samples.  A further test on the temperature and moisture cycle included specimens that were soaked in water for 17 hours and then dried at 105 degrees C for seven hours.  This cycle was repeated one thousand times, the object being to see if any mineral alterations occur within the stone.  The changes studied were the total weight gain, amount of water absorption, and degree of water transmission.  Most samples showed a slight increase in weight, considerable increase in absorption, and increases in the water transmission rate that ranged from moderate to dramatic.


The report concluded that granites undergo changes directly caused by temperature and moisture cycles that are above the freezing point.


In the study pf durability, the report noted that a study of monument ranging in age from a few years to almost 190 years of age showed that granite is a very durable material.  The results indicated that 100 years of weathering had not changed the physical properties of granite sufficiently to be measurable.

A study of the weathering effect of freezing granite showed that none of the specimens showed any visible sign of disintegration after a total of 5,000 cycles of being frozen and then thawed.  The water transmission rates of those samples were no higher than before.  They concluded that frost action is of minor importance in the weathering of granite.


In the end, what determines the popularity for granite is strictly personal.  Composition, color, reliability, and durability are all influenced by personal choice.
